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INTRAMURAL RESEARCH

Project Reports
Cardiology Branch
Summary 1

1. Potentiation of the Inotropic Effects of Norepinephrine,
Glucagon, and Dibutyryl Cyclic AMP by Theophylline 17

2. Comparison of Left Ventricular and Pulmonary Arterial
Injection Sites in the Determination of Cardiac Output by
the Indicator Dilution Technique 18

3. Acquired Right Ventricular Infundibular Stenosis in Patients
. with Ventricular Septal Defect 20

4. Hemodynamic Assessment of Kay Shiley Prosthetic Valves 22

5. Reversibility of Impaired Heart Rate Response to Sympathetic
Stimulation in Patients with Cardiac Decompensation 24

6. Effects of Aging, Type IV Hyperlipoproteinemia, and Coronary
Artery Disease on the Diurnal Pattern of Fibrinolytic
Activity 25

7.' Propranolol in the Treatment of Arrhythmias Occurring During
Acute Myocardial Ischemia in Conscious Dog 27

8. The Effects of Training in Patients with Coronary Artery
Disease and Angina Pectoris 29

9. The Effects of Atropine on the Degree of Myocardial Ischemia
During Coronary Occlusion in the Conscious Dog 30

10. The Role of Cyclic AMP in Myocardial Contractility 32

11. A Completely Automated Video-Tracking Technique for the
Determination of Dynamic Changes in Ventricular Volume 34

12. Mechanism of Action of the Inotropic Effects of Theophylline- 35
13. Enzyme and Receptor Activities of Subcellular Systems Iso-

lated from Ischemic Rabbit Hearts 37

14. Physiological and Biochemical Characteristics of a New Group
of Inotropic Agents: Analogues of Angiotensin II 38

15. Supersensitivity of Hyperthyroid Myocardium to Decreased
Extracellular Calcium 40

16. Control of Heart Rate in Hyperthyroid Cats 41
17. Effects of Hypoxia on the Cardiac Response to Inotropic

Interventions 42
18. The Natural History of the Floppy Mitral Valve Syndrome 44
19. Disseminated Intravascular Coagulation (DIVC) Complicating

Severe Congestive Heart Failure (CHF) 46
20 A Radioisotope Imaging Technique for the Identification of

Myocardial Scar 47
21. Correlation of Antiarrhythmic Effects of Diphenylhydantoin

with Digoxin-induced Changes in Contractility, Na-K ATPase
and K+ Efflux 49

22. Hemodynamic Changes During Exertional Syncope in Dogs with
Pulmonary Artery Constriction 50

23. Comparison of Simultaneously Determined Inotropic and
Chronotropic Effects of Practolol and Propranolol 51

24. Effects of Chronic Heart Failure on the Capacity of Glucagon
to Enhance Contractility and Adenyl Cyclase Activity of
Human Papillary Muscles 52
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25. Comparison of the Inotropic and Chronotropic Activity of

Glucagon and Isoproterenol in the Intact Canine Heart 53

26. The Dynamic Nature of Left Ventricular Outflow Obstruction

in Idiopathic Hypertrophic Subaortic Stenosis 54

27. Dissociation of Cardiac Inotropic and Membrane Effects of

Ouab ain

28. Calcium Ion Movement in Skeletal Muscle 56

29. The Treatment of Ventricular Arrhythmias Occurring During

Acute Coronary Artery Occlusion in Conscious Dogs: Efficacy

of Atropine and Lidocaine 58

30. The Effects of Operative Correction of Congenital Heart

Disease on the Functional Capacity of the Heart 60

31. Ventricular Tachycardia Following Release of Coronary Artery

Occlusion in Conscious Dogs and the Antiarrhythmic Effects

of Atropine "^

32. Mechanical Behavior of Large Coronary Arteries 64

33. Blood Velocity Profiles and Wall Shear in the Aorta and its

Major Branches 66

3A. Vascular Mechanics: Arterial Wall Properties 68

35. In vitro Studies of the Influence of Mechanical Factors on

Transvascular Albumin Flux 70

36. In vitro Study of the Influence of Temperature on Trans-

vascular Albumin Flux 72

37. In vivo Studies of Aortic Intimal Histologic and Chemical

Response to Acutely Induced Mechanical Stress 74

38. The Development of Methods for the in vitro Study of Vascular

Interfacial Transport Mechanics 76

39

.

Development of Canine and Miniature Swine Experimental
Atherosclerotic Animal Colonies 77

40. The Topography of Experimental Atherosclerotic Lesions in the

Dog 79

41. Endothelial Nuclear Orientation and Morphology and its

Relation to Hemodynamic Factors 81

42. Healed Valvular Infective Endocarditis 83

43. Active Non-infective Thrombotic Endocarditis 84

44. Active Valvular Infective Endocarditis 85

45. Active Infective Endocarditis Confined to Mural Endocardium - 86

46. The Spleen in Type I Hyperlipoproteinemia: Histochemical,
Biochemical, Microfluorimetric and Electron Microscopic
Observations 87

47. Ultrastructural Studies of Cardiac Biopsies in Primary Myo-
cardial Disease 88

48. Electron Microscopic and Histochemical Studies of the Liver
in GMx Gangliosidosis 89

49. A Histochemical and Electron Microscopic Study of Cardiac
Myxomas 90

50. Effects of Hyperosmotic Perfusate on Ultras tructure and
Function of the Isolated Canine Heart 91

51. Papillary Muscle Dysfunction Before and After Auscultatory
Mitral Regurgitation. Hemodynamic and Morphologic
Documentation 92



52. Aneurysm of the Non-patent Ductus Arteriosus 93

53. Congenital Aortic Stenosis Resulting from a Unicommissural

Valve. Clinical and Anatomic Features in 21 Adult Patients - 94

54. Acute and Chronic Effects of Normothermic Anoxia on Canine

Hearts: Light and Electron Microscopic Evaluation 95

55. Causes of Death and Other Anatomic Observations after Cardiac

Valve Replacement 96

Surgery Branch
Summary 99

56. Development of a Percutaneous Transthoracic Pacing Wire for

Both Routine and Emergency Use 103

57. Preoperative Assessment of Aortic and Mitral Valve Sizes to

Facilitate Valve Replacement with Autogenous Tissue Valves — 105

58. A New Cause for Diastolic Murmur Following Caged-ball Re-
placement of the Aortic Valve 106

59. Four Years' Experience with Fabric-covered Starr-Edwards
Ball Valves 107

60. An Exploration of the Usefulness of Secondary Parameters in
Improving Accuracy of Stroke Volume Estimation by Computer
Analysis of Aortic Pulse Contour 108

61. The Direct and Reflex Effects of Isolated Changes in pH, p02

,

and pC02 upon Systemic and Pulmonary Vascular Resistance 109
62. Measurement of Left Ventricular Diameter and Contraction

Velocity by Ultrasound 111
6 3. Effects of Chronic Cardiac Denervation on the Cardiac

Response to Exercise 112
64. The Effects of Chronic Right Heart Failure on Left

Ventricular Function 113
65. Evaluation of Glutaraldehyde-fixed Fascia Lata as a Material

for Tissue Valve Leaflets 114
66. Effect of Positive Pressure Ventilation on Pulmonary

Vascular Resistance 115
67. Evaluation of the Operative Treatment of Mitral Stenosis 116
68. Closure of Atrial Septal Defect with a Perforated Patch 117
69. Augmentation of Myocardial Contractility with Coronary Bypass

Grafts 118
70. The Effect of Protamine Sulfate on Myocardial Contractility

in the Intact Dog 119
71. Evaluation of the Effects of Corticosteroids on Myocardial

Contractility 120
72. Mechanisms of the Pulmonary Vascular Response to Hypovolemic

Shock 121
73. Hemodynamic Effects of Bretylium Tosylate in the Intact Dog - 122
74. The Use of Isobutyl Cyanoacrylate in Microvascular

Anastomosis 123
75. Prolongation of Cardiac Allografts in the Rat by Alloanti-

sera 124
76. Mixed Leucocyte Reaction (MLR) as an Assay for the Presence

of Enhancing Alloantiserum 125
77. Immediate in vitro Leukocyte DNA Synthesis: An Early

Indicator of Heart Allograft Rejection 126
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78. Creation of Aorto-pulmonary Shunts with Cyanoacrylate

Tissue Adhesive ^^'

Experimental Therapeutics Branch

Summary ^
79. Urinary Excretion of Kallikrein 137

80. Studies of the Biological Role of Histamine: Histaminase

Activity in Various Physiological and Pathological States 139

81. Studies on 6-Azuridine Triacetate (Azaribine) in Animals and

Man 1^ 3

82. Metabolism of Hydroxyproline and Collagen 146

83. Effects of Pharmacological Agents on Central Neurotrans-

mission Processes using the Spinal Cord as a Simple Model

System ^^^

84. Clinical Investigation of Cardiovascular Drugs 152

85. Studies on the Biological Role of Histamine: Examination of

Histaminase Activity in Rat Tissues and Its Release by

Heparin l^"

86. Studies on Catecholamines in Human Disease 160

87. Studies on the Biological Role of Histamine: Metabolism of

S-3H-histamine in Man 162

88. Studies of the Biological Role of Histamine: Application of

the Enzymatic Assay of Histamine to the Measurement of Hista-

mine in Urine 164

89. Isolation and Characterization of Hydroxyindole 0-methyl

Trans ferase 167

90. A Sensitive and Automated Method for Recording Gastric pH

Changes and H^ Ion Secretion in Experimental Animals and the

Use of this Method for Studying the Pharmacology of Gastric

Secretion 169

91. Tryptophan Hydroxylase and Serotonin in Spinal Cord and

Brainstem Before and After Chronic Transection 171

92. Studies on the Biological Role of Histamine: Participation

of Histamine in Inflammation Following Heat Injury 173

9 3. Studies on the Mechanisms of Binding and Release of Biogenic

Amines 175

94. Studies on the Biosynthesis and Metabolism of Physiologically
Active Amines 178

95. Shock-induced Aggression in Hypertensive Rats 181

96. Renin-angiotensin System of the Spontaneously Hypertensive

Rat 183

97. Tryptophan Hydroxylase and Phenylalanine Hydroxylase:

Comparative Properties, Purification and Interactions 185

98. Studies on the Isolation and Characterization of Clostridial

Electron Transfer Proteins and Other Iron-Sulfur Proteins 188

99. Catecholamine Metabolism and Blood Pressure of Spontaneously
Hypertensive Rats 192

100. Studies on a Pineal Gland Protein Kinase 195

101. Studies on Naturally Occurring Vasoactive Substances 197

102. A Sensitive Assay for Esterase Activity Employing Radioactive
Substrates: Application to Plasma Kallikrein 201

iv
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103. Studies on the Enzymes Involved in the Activation of Human
Plasma Kallikrein 204

104. Analysis of Amino Acid Phenylthiohydantoin by Gas
Chromatography 210

105. Application of Countercurrent Chromatography to the Iso-
lation and Characterization of Substances of Biochemical
Interests 213

106. Studies on the Structure of Villikinin 216
10 7. Unusual Linkages in Peptides 218
108. Preparation of Affinity Adsorbents 220
109. Biochemistry of the Kallikrein-kininogen-kinin System 222
110. Effects of Steroid Hormones, Protein Hormones and

Electrolytes on Neural Function 227
111. Trace Metal Metabolism 237
112. Taste and Olfaction 248

Laboratory of Kidney and Electrolyte Metabolism
Summary 273

113. Mechanism of Salt and Water Transport by Proximal Renal
Tubules _ 279

114. Study of Ion Transport in Renal Cortical Collecting Tubules- 285
115. A Study of the Mechanism of Stimulation of Sodium Transport

by Vasopressin and by Aldosterone by Determining their
Effect on the Electrolyte Content and Energy Metabolism of
the Epithelial Cells of the Toad Urinary Bladder 288

116. A Study of the Effect of Vasopressin and Certain other
Hormones and Drugs on the Concentration of Adenosine 3',5'-

Monophosphate in the Epithelial Cells of the Toad Urinary
Bladder 290

117. A Study of Cyclic-AMP Dependent Protein Kinase in the Toad
Urinary Bladder 292

118. A Study of the Effect of Prostaglandin E^ and 7-oxa-13-
Prostynoic Acid on the Sodium Transport and Permeability
Properties of the Toad Urinary Bladder 294

119

.

Volume Regulation in Duck Erythrocytes 296
120. Immunochemical Comparison of Cardioglobulin and Rat Muscle

E-C Coupling Complex 301
121. Mechanism of Cardiac Failure in Hamsters with Hereditary

Cardiomyopathy 303

'-.ab oratory of Biochemical Genetics
Summary 307

122. The Initiation of Mammalian Protein Synthesis 311
123. Studies on Aminoacyl-tRNA Synthetases 312
124. The Neuroblastoma System as a Model for Neuron Dif-

ferentiation 313
125. Mammalian Peptide Chain Termination 315

126. Biochemistry of Rare Constituents of tRNA 317
127. Genes for Neuronal Properties Expressed in Neuroblastoma x L

Cell Hybrids 320

128. Acetylcholinesterase in Neuroblastoma Cells 322
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129. Cyclic AMP Metabolism in Neuronal and Glial Clonal Cell

Lines

Lab oratory of Biochemistry

Summary
130. Regulation of Bacterial Purine and Pyrimidine Base and

Nucleoside Utilization

131. Studies on the a-Lysine Mutase Complex

132. Genetics of E_. coli Glutamine Synthetase

133. A Dithiol Dehydrogenase of Clostridium sticklandii

134. 1. Methionine Biosynthesis and its Regulation in Fungi and

Bacteria
2. Mechanisms of Pyridoxal Phosphate Enzyme Catalyzed

Elimination and Replacement Reactions

3. Microbial Genetics of Microtubular Proteins and their

Assembly
135. Enzyme Structure and Mechanisms of Action and Control

136. Zinc Induced Paracrystalline Aggregation of Glutamine

Synthetase
137. Studies on L-asparaginase in Anaerobic Bacteria

138. 1. Radioisotopic Assays for Glutamine Synthetase and

Glutaminase

.

2. Regulation of Glutaminase Activity in E^. coli

139. Studies on Lysine Fermentation in Clostridia. The D-a-

Lysine Pathway
140. 1. Anaerobic Metabolism of Certain Amino Acids and other

Nitrogen Compounds with Especial Reference to the Role

of Bi2 Coenzyme and to Electron Transfer and Phos-
phorylation Reactions Involved.

2. Methane Biosynthesis and One-carbon Compound Metabolism -

141. 1. Effects of Divalent Cations and Energy Charge Upon the

Activity of Glutamine Synthetase
142. Antibodies to E^. coli Glutamine Synthetase
143. 1. Application of Physical Methods in the Determination of

Structures of Organic Compounds

.

2. Synthetic Studies of Organic Compounds of Biological
Interest

144. Enzymatic Fragmetation of Fibrinogen
145. Isolation and Characterization of Cellular Growth Factors

from Calf Serum
146. Effects of Conformation on the Free Radical Districutions of

Irradiated Proteins
147. Studies on the Tritiation of a Peptide Derived from Nisin —
148. Biological Oxidation Capabilities of Membrane Fragments

Obtained from E^. coli
149. Location of Tritium in Tritiated Methionine
150. Biosynthetic Capabilities of Membrane Fragments Obtained

from E^. coli
151. The Interaction of Actin and Myosin
152. Structure of the Muscle Protein, Myosin
15 3. Plasmin Digestion of Fibrinogen

323

325

335

340
342

343

344

348

352

354

356

359

361

365

366

369

374

376

377

380

383

386

388
391
39 3

395



154. The Structure and Biochemical Activity of Actin and Myosin - 396

155. The Isolation and Purification of Human Platelet Myosin 398

156. Membrane Biochemistry 400

157. Cytology of Acanthamoeba 402

158. Study of Motility in Ameba 404

Laboratory of Chemical Pharmacology
Summary 409

159. An Investigation of the Mechanisms by which Various Steroids

Alter the Hepatic Microsomal Mixed Function Oxidase System

to Alter Drug Metabolism ' 417

160. Studies on the Oxidation of NADH Stimulated by NADPH and
Drugs in Liver Microsomes 421

161. An Approach to Measure the Stoichiometric Relationship
between Hepatic Microsomal Drug Metabolism and NADPH
Oxidation 423

162. A Comparison of the Effects of Halothane and CCI4 on the

Hepatic Drug Metabolizing System 426

163. Studies on the Resolution of Components of Mixed Function
Oxidases Concerned with Drug Metabolism 428

164. Autoradiographic Studies on the Localization of -"-^C-Labeled

Hep ato toxins 430
165. Effect of 3-Methylcholanthrene Hepatotoxic Effects Caused

by Various Toxicants in Rats and Mice 432
166. The Relationship between Bromobenzene Metabolism and Hepatic

Necrosis 434
167. Studies on the Covalent Binding of -'-^C-bromobenzene in vivo- 436
168. Possible Explanation for the Zonal Distribution of

Chemically-induced Hepatic Necrosis 438
169. Binding and Metabolism of Aromatic Hydrocarbons in the Lung- 440
170. Accumulation of Radioactivity After Incubation of Rat Brain

Slices with ^H-choline 442
171. Studies on the Possible Role of Choline in the Regulation

of Acetylcholine Levels in Rat Brain 444
172. The Effect of Prostaglandin E^ on the EEC and the Levels of

Brain Acetylcholine in Rats 447
173. Effect of Pilocarpine on the Metabolism of Serotonin and

Acetylcholine in the Brain 449
174. Correlation between Beta Adrenergic Receptor Activity and

Enzyme Activity of Arterial and Cardiac Muscle 451
175. Interaction of Microtubule Protein with Colchicine and other

Antimitotic Drugs 453
176. The Prevention of Isoproterenol Tachyphylaxis and the

Reversal of Contractile Effects in Vascular Smooth Muscle — 457
177. The Influence of Age on the Response of Smooth Muscle to

Pharmacologic Agents 459
178. Characterization of the Enzymatic Ion Transport System 461
179. Correlation of Antiarrhythmic Effect of Diphenylhydantoin

with Digoxin-induced Changes in Contractility, NaK ATPase
and K+ Efflux 464

180. Synthesis of Spin Labeled Cardiac Aglycones for Electron
Spin Resonance Studies of Membrane Function 466
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181. The Mechanism of Drug Phototoxicity and Photosensitivity — 469

182. Effects of Bromobenzene and CCl^ Administration on Plasma

and Hepatic Protein Synthesis by Perfused Rat Liver 471

183. The Effect of Cedrene on Drug Metabolism by Hepatic Micro-

somes 473

184. The Binding of Sulfaphenazole to Fetal Plasma Albumin and

to Albumin Isolated from the Plasma of Infants and Adults 475

185. Desoxyisoproterenol: An Alpha and Beta Adrenergic Receptor

Stimulating and Blocking Agent 479

186. Effects of Chronic Exposure to Atmospheric Ozone and of

Drugs on Enzymes 481

187. The Detection of Conformation Shifts in Cell Membranes during

Normal and Altered Function by the Use of Electron Spin

Resonance 483

188. Physicochemical Studies of Complexes Betvjeen Drugs and Bio-

molecules. V. Interaction of Anionic Drugs with Acetyl-

salicylic Acid Treated Human Serum Albumin 485

189. Physicochemical Studies of Complexes Between Drugs and Bio-

molecules. VIII. The Interaction of Spin-labelled Sulfon-

amides with Bovine Erythrocyte Carbonic Anhydrase B 489

190. Physicochemical Studies of Complexes Between Drugs and Bio-

molecules. VII. The Use of Fluorescent Probes to Monitor
Drug Interactions with Red Cell Ghost Membranes 492

191. Studies on the Hepatotoxicity of Halogenated Aryl Hydro-
carbons. 3. Pulse Label Studies on Bromobenzene Metabolism- 496

192. Studies on Drug-induced Hemolytic Anemia 498

193. Inhibition by Colchicine Derivatives and other Antimitotic
Agents of Rat Hindpaw Edema Induced by Sodium Urate Crystals- 500

194. The Effects of Colchicine and Antagonists of Histamine and

Serotonin on Inflammation Induced by Sodium Urate Crystals — 504

195. Correlations Between the Effects of Hepatotoxic Compounds
on Plasma and Liver Triglyceride Levels and the Development
of Hepatic Necrosis 508

196. Antihistamines and Inflammation Induced by Histamine,
Serotonin, Bradykinin and Compound 48/80 511

197. Salivation in Mice as an Index of Adrenergic Activity 516

198. Effects of Sodium and Potassium on the Kinetics of Serotonin
and Norepinephrine Transport by Rabbit Synaptosomes 518

199. The Effect of Divalent Ions on the Kinetics of Release of
h3-NE from Rat Heart Slices 521

200. The Effect of Enzyme Induction of Synthesis and Catabolism
of Corticosterone in Rats. Analysis by Means of Steady-
State Kinetics 524

201. Comparison of the Effects of K^-free Media and Ouabain on

the Transport of 5-HT and Norepinephrine by Synaptosomes 526
202. Effect of Electrolytes on the Accumulation and Metabolism

of Biogenic Amines by Subcellular Fractions of Rat Brain 529
203. Relationship between Potassium and the Sodium Requirement

for Transport and Storage of 5-Hydroxytryptamine and Norepi-
nephrine by Synaptosomes 531

204. Enhancement of Motor Activity in Rats Following Withdrawal
of Chronic Treatment with Alpha-Methyltyrosine 534



205. Evidence for a Balance in the Basal Ganglia between
Cholinergic and Dopaminergic Activity 536

206. Cerebral Serotonin Metabolism and Tolerance to Selective
REM-Sleep Deprivation in Normal and Hypophysectomized Rats - 538

20 7. Alterations in Brain Monoamines and their Amino Acid Pre-
cursors in Chronically Jaundiced (Gunn) Rats 540

208. Dynamic Aspects of Hormonal Control of the Formation of

Cyclic AMP in Human and Rabbit Platelets 542

209. Studies on the Biliary Excretion of Bromobenzene
Metabolites 545

210. Studies on the Effects of Phenobarbital and 3-Methyl-
cholanthrene Pretreatment on the in vitro Metabolism of
Bromobenzene in 3 Species 547

211. Studies on the Requirements for the Formation of Glutathione
Conjugate of Bromobenzene in vitro 549

212. Studies on the Metabolism of -'-^C -Bromobenzene Metabolism by
Rabbit Kidney Microsomes 552

213. Differentiation of APT and Cyclic AMP Pools in the Fat Cell- 554
214. Mechanism of Bromobenzene Toxicity 557
215. A Simple and Sensitive Method for the Measurement of

Endogenous Cyclic AMP 560
216. The Use of the Isolated Lever Cell to Study Drug Metabolism- 563
217. Mechanism of Indomethacin-induced Ulcerations of the Gastro-

intestinal Tract 565
218. Bromobenzene-Induced Hepatic Necrosis: Species Differences

and Protection by SKF 525-A 567

219. Mechanism of Dimethylbenzanthracene-Induced Bone Marrow,
Spleen, Testis and Gut Necrosis 569

220. Mechanisms of Drug-Induced Bone Marrow Damage 571
221. Studies on the Hepatotoxicity of Halogenated Aryl Hydro-

carbons. 2. Effect of Phenobarbital and 3-Methylchol-
anthrene Induction on the Hepatotoxicity and the Pattern
of Metabolism of Bromobenzene 573

222. Studies on the Hepatotoxicity of Halogenated Aryl Hydro-
carbons. 1. Studies on the Relationship of Glutathione to

the Hepatotoxicity of Bromobenzene 575

Endocrinology Branch
Summary 577

223. Studies on the Control of Calcium Absorption: Effect of
Sodium Chloride Loading and Depletion 585

224. Evaluation of Secondary Hypothyroidism with Synthetic Thyro-
tropin Releasing Factor (TRF) 587

225. Pathophysiologic Studies in Hypertension 589
226. The Effect of Prostaglandins upon Cortisol and Aldosterone

Secretion of Hypophysectomized-nephrectomized Dogs 594
227. Studies on the Etiology of the Natriuresis of Fasting 596
228. The use of 17 a Estradiol in the Inhibition of the Effect

of D-Penicillamine on Collagen Solubility in Skin 598
229. The Use of 3-Methyl-2-(3-pyridyl) -indole Methanesulfonate

(GPA 2282) in the Treatment of Hyperaldosteronism 600
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230. The Circadian Urinary Excretion of Ketosteroids in Patients

with the Adrenogenital Syndrome 602

231. Calcium Metabolism in Cystic Fibrosis 603

232. The Relationship of Central Nervous System Degenerative Dis-

orders to the Adrenal Hyper- and Hypoplasia. Studies in: I.

Subacute Necrotizing Encephalopathy (SNE) - Bone Marrow and

Electron Microscope Studies on Brain. II. Sudanophilic

Leukodystrophy and Addison's Disease - Brain Electron

Microscopy 605

233. Calcium Metabolism in Idiopathic Hypercalcemia of Infancy

and Childhood. I. The Effect of Calcium Infusion on Serum

Calcium, Thyrocalcitonin (TCT) and Parathyroid Hormone (PTH)

II. 24-Hour Urinary Cyclic AMP in Two Patients with the

Disease 606

234. Effect of Prostaglandins on the Dog Kidney 608

235. Studies on the Control of Sodium Excretion. I. Mechanisms

of Sodium Retention 610

236. Studies on the Control of Renal Sodium Excretion. II. The
Role of Adrenergic Receptors and Cyclic Nucleotides 612

237. Studies on Control of Jalcium and Magnesium Excretion:

Intestinal Absorption and Renal Excretion of Calcium in

Metabolic Acidosis and Alkalosis 615

238. Studies in Calcium and Phosphorus Metabolism. I. Ionic
Interaction with Bone Mineral and Biologic Calcification 617

239. Studies in Calcium and Phosphorus Metabolism. II. New Con-
cepts in the Pathogenesis and Treatment of Renal Stones of
Calcium Phosphate Origin 619

240. Studies in Calcium and Phosphorus Metabolism. III. Mode of
Action of Thyrocalcitonin 622

241. Studies in Calcium and Phosphorus Metabolism. IV. Inter-
action of Hormones at the Air-Water Interface 624

242. Studies in Calcium and PhosphoriiS Metabolism. V. Clinical
Implications of 25-Hydroxycholecalciferol (25-HCC) 626

243. Studies in Calcium and Phosphorus Metabolism. VI. Treat-
ment of Osteoporosis with Calcium Infusion and Thyrocal-
citonin 628

244. Studies in Calcium and Phosphorus Metabolism. VIII. Clinical
Applications of Thyrocalcitonin (TCT) 630

245. Studies in Calcium and Phosphorus Metabolism. IX. Effect of
Diuretics 632

246. Studies in Calcium and Phosphorus Metabolism. X. Normo-
calcemic Primary Hyperparathyroidism 634

247. Studies in Calcium and Phosphorus Metabolism. XI. Calcium
Infusion: Diagnostic Value, Physiological Consequences and
Effect on Calcium Homeostasis 636

Laboratory of Chemistry
Summary 639

248. Mass Spectrometry on Doubly-charged Ions 643
249. Applications of Nuclear Magnetic Resonance to Biochemical

or Model Bio-organic Systems 644



250. Mass Spectrometric Methods of Analysis 646

251. X-ray Crystallographic Structural Studies of Natural and

Synthetic Compounds 648

252. The Application of Mass Spectrometry to Problems in Bio-

chemistry 650

253. The Chemical Investigation of Biochemical Reactions 651

254. The Use of Digital Computing in Problems in Biochemistry 652

255. Characterization of Natural Products 654

256. The Characterization of Natural Materials 657

257. Structure Elucidation, Synthesis and Biosynthesis of

Natural Products 659

258. Mass Spectrometry and Structure of Natural Products 664

Laboratory of Technical Development
Summary 667

259. Indirect Cardiac Output Computation 674
260. Microdialyzer for Continuous Sampling of Small Molecules

from Blood 675
261. Reflectance Oximeter for Continuous Measurement of Oxygen

Saturation 6 77

262. Methodology in Fluorescence Measurements 679
263. Fluorescent Complexes of Proteins 681
264. Applications of Fluorescence in Biochemistry 684
265. Countercurrent Chromatography: Liquid-Liquid Partition

Chromatography without Solid Support 688
266. Countercurrent Chromatography: Liquid-Liquid Partition

Chromatography without Solid Support, (Part II) 690
26 7. Development of the Spiral Coil Membrane Blood Oxygenator and

Systems for Long-term Temporary Support of Pulmonary and
Cardiovascular Systems — 693

268. Dual-Frequency Ultrasonic Flowmeter 698
269. Peltier-Seebeck Equllibrator 700
270. An Automated Method for Rapid Bacteriological Assay 702
271. Blood Flow Measurement Using Nuclear Magnetic Resonance

Techniques 706
272. An Investigation and Development of Methods for the Study

of the Mechanism of Enzyme Action and Function in Cellular
Systems and in Solution 709

273. Development of Stopped-Flow Micro-Calorimetry for the Study
of Biochemical and Cellular Reactions 718

Molecular Disease Branch
Summary 721

274. The Biochemistry and Metabolism of Plasma Lipoproteins: The
Contribution of Carbohydrates to the Structure and Function
of the Plasma Lipoproteins 731

2 75. The Biochemistry and Metabolism of Plasma Lipoproteins: The
Turnover and Function of Very Low Density Lipoproteins 734

276. The Biochemistry and Metabolism of Plasma Lipoproteins: The
Functional Roles of Plasma High Density and Low Density
Lipoproteins 738
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277. The Biochemistry and Metabolism of Plasma Lipoproteins:

The Metabolism and Structure of Plasma Lipoproteins in the

Rat 742

278. The Biochemistry and Metabolism of Plasma Lipoproteins:

Studies on a New Lipoprotein Complex in Plasma, its

Structure Function and Genetic Control 744

279. The Biochemistry and Metabolism of Plasma Lipoproteins:

Post-heparin Lipolytic Enzymes and their Role in Normal and

Abnormal Lipid Transport and Clearance 748

280. The Biochemistry and Metabolism of Plasma Lipoproteins:

Studies of Familial Hyperlipoproteinemia 752

281. The Biochemistry^ and Metabolism of Plasma Lipoproteins: The
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In the Cardiology Branch two new major areas of research interests

have been developed over the past three years. These relate, first, to the

investigation of the enzymatic and molecular mechanisms responsible for

modulating the contractile state of the myocardium, and second, to the study

of myocardial ischemia, myocardial hypoxia, and coronary artery disease.
Our investigative efforts in these two areas have been considerably expanded
this past year with emphasis on both the physiologic, pharmacologic, and sub-

cellular alterations caused by myocardial ischemia, and on how the ischemia

-

induced changes can be modified by interventions that may have therapeutic
potential.

MOLECULAR MECHANISMS RESPONSIBLE FOR CARDIAC CONTRACTION AND
FOR THE PHYSIOLOGICAL EFFECTS OF INOTROPIC AGENTS

Normal Mechanisms

The positive inotropic effects of catecholamines have been postulated
to result from increases in intracellular levels of cyclic AMP (C-AMP) „ Al-
though considerable evidence exists that is compatible with such a concept,
it is still uncertain whether stimulation of the adenyl cyclase-C-AMP system
and enhancement of contractility are causally related or merely coincidental
events. For example, in a recent study we have shown that while 10"^ nor-
epinephrine had a positive inotropic effect within 10 seconds, a significant
increase in C-AMP concentration could not be demonstrated until 20 seconds
had elapsed. Moreover, preliminary data appear to indicate that lower con-
centrations of norepinephrine, while still having an appreciably positive
inotropic effect, do not alter myocardial C-AMP concentration. Although
there are several explanations for this apparent dissociation of the inotropic
and en23nnatic effects of norepinephrine, these findings do raise the possi-
bility that the norepinephrine -induced stimulation of the adenyl cyclase-C-
AMP system is not causally related to the coincidental enhancement of myo-
cardial contractility that occurs.

Two additional studies bearing on this relationship are now in progress,
If there is a causal relationship between intracellular C-AMP concentration
and contractility, inhibition of phosphodiesterase, the enzyme responsible
for inactivating C-AMP, would be expected to enhance the cardiac effects of

norepinephrine and glucagon. This was ostensibly verified when we found that
while theophylline (a phosphodiesterase inhibitor) did not alter the inotropic
effects of calcium (an agent not believed to exert its inotropic effects
through the C-AMP system), it caused marked potentiation of the inotropic ef-
fects of norepinephrine and glucagon. However, the preliminary results of
another investigation have shown that at a concentration of theophylline that
increases papillary muscle tension by approximately 507o, no increase in intra-
cellular levels of cyclic AMP occurs. Thus, if the direct inotropic effects
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of theophylline are not mediated by the C-AMF system, it is possible that

its potentiation of the inotropic effects of norepinephrine and glucagon is

also caused by a mechanism independent of C-AMP„ To further elucidate this

problem, we are in the process of determining whether an increase in intra-

cellular levels of C-AMP occurs when the inotropic effects of norepinephrine
are enhanced by theophylline.

Current theory regarding excitation-contraction coupling in cardiac

and skeletal muscle centers around the concept that calcium, released by the

sarcoplasmic reticulum (SR) following electrical depolarization, diffuses
from SR to a receptor located on the actin filament. This event is then be-

lieved to eventuate in the interaction of actin and myosin filaments, thereby
initiating muscle shortening. Implicit in this concept is the assumption that
the rate of diffusion of calcium is sufficient to account for the rapid se-

quences of contraction and relaxation characteristic of cardiac and skeletal
muscle. However, the only data relating to the rate of calcium ion movement
in muscle cytoplasm indicate that mobility is at least 50 to 100 times slower
than in water, a rate probably too slow to be compatible with the above hypo-
thesis. We recently constructed an analog circuit for the solution of diffu-
sion problems and our results also suggest that the classical hypothesis for
excitation-contraction coupling may be in error. Further studies are being
performed in skeletal muscle to determine the feasibility of the calcium theory
for excitation-contraction coupling.

We have shown previously that ouabain causes negative inotropic re-
sponses in cat papillary muscles when external calcium concentration is low.
Recent studies have demonstrated that this negative inotropic effect is con-
centration-dependent and is specific for the digitalis glycoside insofar as
norepinephrine, isoproterenol, and angiotensin II produce their usual inotropic
responses independent of external calcium concentration. These data could be

explained as follows: ouabain results in greater availability of Ca to the
contractile apparatus, either by mobilizing a particular intracellular compart-
ment of calcium or by enhancing calcium entry into the cell; this results in
enhanced contractility. However, in an external environment of low calcium,
either part of the mobilized intracellular calcium moves out of the cell or
the net flux into the cell becomes negative, thereby causing a decrease in
contractility. These results would seem to be further evidence that the posi-
tive inotropic effect of ouabain is related to alteration of intracellular
calcium stores.

It has been suggested that one of the actions of digitalis essential
for its positive inotropic properties is inhibition of Na"*", K -dependent
ATPase. It also has been suggested that diphenylhydantoin (DPH) exerts a

protective effect on digitalis-induced arrhythmias by interfering with the
digitalis-Na+, K+-ATPase interaction. If this latter hypothesis were correct,
it would imply that the mechanism for the inotropic activity of digitalis is
independent of inhibition of Na"*", K"*'-ATPase, since DPH does not interfere with
the inotropic effects of digitalis. We found, however, that the antiarrhythmic
effects of DPH cannot be attributed to prevention of digitalis-induced inhibi-
tion of Na+, K+-ATPase. Thus, there is still no convincing evidence that
seriously questions the concept that the interaction between digitalis and
Na+, K^-ATPase is basic to the inotropic effects exerted by this agent.



Myocardial Failure

Glucagon exerts a positive inotropic effect in normal hearts, an

effect believed to be mediated by C-AMP. However, we previously have shown

that its capacity to increase myocardial contractility and to stimulate adenyl
cyclase activity are markedly impaired in animals with chronic cardiac failure,

To assess directly the influeiice of chronic heart failure on the effectiveness
of glucagon as an inotropic agent in human myocardium, we measured its effect
on contractility and adenyl cyclase activity in left ventricular papillary
muscles obtained from patients at mitral valve replacement. These studies
demonstrated that chronic cardiac failure is uniformly associated with a com-

plete loss of the capacity of glucagon to enhance contractility and stimulate

adenyl cyclase, findings that probably explain the disappointing clinical
results of this drug in the treatment of patients with prolonged cardiac
decompensation.

Myocardial Ischemia and Hypoxia

To determine the mechanisms whereby ischemia results in

cardial function, studies have been initiated to determine the
sequence of irreversible subcellular changes occurring during
liminary results have demonstrated that subcellular systems di

in their sensitivity to ischemia. For example, Na'^, id'-ATPase

stable, whereas mitochondrial preparations show rapid loss of

control and rates of oxygen consumption; adenyl cyclase respon
monal stimulation appears to be indetermediate „ Parallel stud

progress in which ischemic -induced reversible and irreversible
cardial contractility will be correlated with subcellular func

After defining some of the subcellular mechanisms responsible
cardial function during ischemia, we hope to develop technique
ia -induced subcellular injury, and therefore physiologic funct

minimized.

impaired rayo-

time -dependent
ischemia . Pre-
ffer considerably
is remarkably

respiratory
siveness to hor-
ies also are in
changes in myo-

tional aberrations,
for impaired myo-
s whereby ischem-
ion, can be

Little information is available concerning the effects of hypoxia or

ischemia on the capacity of the heart to respond to various inotropic agents.
During the course of studies designed to investigate this problem, we found

that in a papillary muscle preparation the positive inotropic actions of two

analogues of angiotensin II had unique characteristics, i.e., inotropic

potency was enhanced by hypoxia. In contrast, the concentration response curves

cf both norepinephrine and ouabain were depressed when the papillary muscle
was exposed to low oxygen tensions. In order to evaluate the effects of hypoxia

on the responsiveness of the intact heart to various inotropic agents, a dog

heart-lung preparation was developed in which afterload, preload, and heart

rate can be held constant. In this preparation, in contrast to cat papillary

muscle, the contractile response to norepinephrine was augmented during hypoxia,

the dose-response curve shifting to the left. Furthermore, no deterioration of

the preparation occurred after the highest doses of norepinephrine employed.

Studies are in progress to evaluate the possible biochemical or physiologic

basis of this phenomenon. The effects of hypoxia, as well as ischemia, on the

response to other inotropic agents also will be evaluated.
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CORONARY ARTERY DISEASE

Treatment of Coronary Artery Disease

a) Acute Myocardial Ischemia » Approximately 40% of patients who

suffer an acute myocardial infarction die, and two-thirds of these deaths

occur within the first few hours, before the patient is admitted to a hospi-

tal. Death under such circumstances is probably due to cardiac arrhythmias.

To evaluate 1) the type of arrhythmias occurring during the early phases of

myocardial infarction and 2) the relative efficacy of various antiarrhythmic

agents in this setting, we studied 40 closed-chest conscious dogs in which

acute myocardial ischemia was produced by inflating a balloon cuff previously

implanted around the left anterior descending coronary artery just distal to

its first diagonal branch. About one -ha If of the dogs did not develop arrhyth-

mias during the first hour of occlusion „ In 60 per cent of these, however,
sudden release of occlusion was followed 15 seconds to 3 minutes later by ven-
tricular arrhythmias which progressed rapidly to ventricular tachycardia (VT)

.

Reocclusion of the coronary artery abolished the VT with a return to a sinus
mechanism in all dogs with release arrhthmias. Increasing the heart rate by

either pacing or the administration of atropine prevented the reappearance of

VT when the occluding balloon was again released. These results indicate that

1) sudden reperfusion of a previously ischemic region of myocardium, as may
occur in man by lysis or dislodgment of a clot, may be responsible for some
of the serious arrhythmias seen in acute myocardial infarction which result
in sudden death, and 2) increasing the heart rate by the administration of
atropine may be successful in the prevention of many, but not all, of these
arrhythmias. In contrast to this group, the remainder of the dogs developed
frequent and persistent ventricular ectopic beats or episodes of VT within
the first one to two hours of occlusion. In most of these dogs increasing
the heart rate with atropine or administering lidocaine markedly decreased or
completely abolished the arrhythmias. In several dogs, however, the adminis-
tration of atropine or lidocaine alone was only partially effective, and
ectopic activity was eliminated only after administration of the combination
of these two drugs.

Although, as indicated above, atropine is effective in treating
arrhythmias occurring during the onset of acute myocardial ischemia, it is not
known whether the atropine-induced increase in heart rate has any deleterious
effect on the degree of myocardial ischemia. We therefore studied the S-T
segment response (obtained from 10 to 12 implanted intramyocardial electrodes)
to repeated five-minute occlusions of the left anterior descending coronary
artery in closed-chest conscious dogs in which we previously had implanted an
inflatable balloon around the left anterior descending coronary artery. We
found there was a direct linear relationship between heart rate (range 35-150
beats/min) and the degree of S-T segment elevation. We conclude that if the
degree of S-T elevation reflects severity or extent of ischemia, increases in
rate in experimentally produced acute myocardial ischemia are associated with
increases in the degree of myocardial ischemia. Thus, when atropine is
administered to control bradycardia -induced arrhythmias during acute myocardial
ischemia, the lowest effective dose should be used and excessive increases in
rate avoided. There also seems to be no justification for the routine adminis-
tration of atropine, regardless of rate, to a patient already admitted to a



coronary care unit and under constant observation since arrhythmias can be

treated as they occur, thereby avoiding the deleterious effect of unneces-

sary increases in heart rate on the degree of myocardial injury.

The Montgomery County Heartmobile is a mobile coronary care unit capa-

ble of delivering emergency resuscitative treatment to any patient in a defined

geographic area within 5 minutes of alert. We are currently engaged in a

collaborative effort to determine the type of arrhythmias that occur during

the prehospital phase of acute myocardial infarction in man and to determine

the relative efficacy of atropine and lidocaine in the treatment of such

arrhythmias. The results of this collaborative effort will hopefully yield

additional information regarding the question as to whether the self -adminis-

tration of either of these two agents is desirable when sjmiptoms of acute

myocardial infarction are evident but when some time will be required before

the patient can be seen by a physician,

b) Chronic Angina Pectoris „ We have studied the symptomatic and

circulatory effects of a six -week program of intense physical training in

patients with angina pectoris due to coronary artery disease. After training
the intensity of exercise attained before angina increased 57%. The triple

product (TP) of aortic systolic pressure, heart rate, and ejection time was

calculated and used as an index of myocardial oxygen consumption (MVO2) o TP
(and presumably MVO2) at any level of exercise was less after training, thus
accounting for part of the improved exercise capacity. However, after train-

ing a higher TP could be achieved before the onset of ischemic pain in over

half of the patients. If changes in TP accurately reflect changes in MVO2,
then the finding that ischemic pain occurred at a higher TP suggests that
training, in addition to improving the efficiency of the circulatory response
to exercise, might also improve myocardial oxygen delivery.

It has been suggested that a major portion of the beneficial effects
of the beta-blockers in treating patients with angina pectoris could be

achieved by merely depressing the heart rate response to sympathetic stimu-
lation. Although reports have appeared suggesting that the beta-blocking
agent practolol has such effects, we found in dogs that a given reduction
in heart rate produced by propranolol and practolol was accompanied by the
same negative inotropic response. We also found that while practolol may
exert a modest positive inotropic effect, this action is detectable only after
full beta-blockade or when beta -receptor stimulation is minimal; such an
effect is inapparent if beta-receptor stimulation is increased, which is often
the case when beta-blockade is employed clinically. Thus, practolol as used
therapeutically does not appear to act on heart rate more selectively than
propranolol.

Although many operative attempts have been employed to treat patients
with coronary artery disease, no procedure appears to be more promising than
the saphenous vein bypass operation. We are currently involved in a collabora-
tive effort with the Surgical Branch to assess the results of bypass as well
as to determine the type of anatomic disease that would be most amenable to
such a procedure

.
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Characterization of Fibrinolytic Mechanisms

Fibrinolysis may play a role in retarding the development of coronary

artery disease by dissolving fibrinous deposits at the site of endothelial I

injury. Factors that alter fibrinolysis in man are largely unknown. We

have shown previously that the magnitude of the fibrinolytic response to
]

exercise was related to the duration and intensity of exercise, as well as to

the time of day it was performed. We also observed that fibrinolytic activity

failed to increase normally during intense exercise performed by a group of

patients with type IV hyperlipoproteinemia. More recently we have demonstrated

that the diurnal augmentation of fibrinolytic activity normally occurring in

young subjects is encountered less frequently in older subjects. Patients with

type IV hyperlipoproteinemia, a condition associated with the early develop-

ment of atherosclerosis, show an impairment that is greater than that which
can be attributed to age alone. Moreover, patients with coronary artery
disease but with normal lipid studies demonstrate smaller diurnal increases
than young normal subjects. Although the latter differences can be attributed
partly to age-related factors, there is a tendency for further impairment that
appears to be independent of age. Whether these defects play a role in the

early development of coronary artery disease remains to be determined, as does

the cause of the defective response.

Evaluation of Myocardial Function

Several important indices of myocardial performance depend upon accurate
and frequent measurement of ventricular volume. To make such measurements
feasible, we have developed a semi-automated method for the continuous deter-
mination of ventricular volume in man. When volumes determined by the automated
method are compared with those obtained by manual planimetry, the correlation
coefficient is 0.96; volumes of test objects are accurate to within 67o. This
automated technique thus permits rapid and accurate measurement of ventricular
volume in all patients having diagnostic left ventriculograms.

CIRCULATORY PHYSIOLOGY AND CLINICAL
CARDIOLOGY

We have shown that the heart rate response to baroreceptor mediated
enhancement of syropathetic activity is impaired in patients with depressed
cardiac function as is the maximum heart rate response to exhausting exercise.
Although the etiology of this impairment has not been defined, the defect does
not appear to be due either to decreased sensitivity of the adrenergic receptor
site or differences in background vagal tone. Its potential for reversibility
also is unknown. To more fully characterize this defect, the heart rate re-
sponses to 1) baroreceptor enhancement of S3rmpathetic activity and 2) exhaust-
ing exercise have been determined in functional class II and III patients about
to undergo cardiac surgery. Samples of atrial and left ventricular papillary
muscles have been obtained at the time of operation for analysis of norepine-
phrine content in an attempt to correlate depletion of these stores with the
impaired heart rate responses. The preoperative studies will be repeated post-
operatively to determine if the anticipated improvement in cardiac function is

associated with an improved capacity of the heart to respond to sympathetic
stimulation.
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Individuals with severe obstruction to outflow of either the right or
left ventricles may experience syncope during or immediately after strenuous
exercise. In order to clarify the hemodynamic basis for this phenomenon,
several circulatory indices were measured while dogs with pulmonary artery
constriction exercised to the point of syncope „ Pulmonary constriction was
achieved by the inflation of a balloon cuff previously implanted around the
pulmonary artery. Preliminary results show that syncope is almost always
caused by rapidly progressive arterial hypotension rather than by arrhythmia.
Decline in cardiac output generally accompanies the fall in blood pressure,
suggesting that inadequacy of cardiac output rather than sudden vasodilatation
is responsible for the decline in blood pressure which eventuates in circula-
tory collapse.

The heart rate of anesthetized or alert hyperthyroid animals is in-
creased, as is the intrinsic frequency of contraction of hearts isolated from
such animals. However, we have found that the basal heart rates of intact
unanesthetized cats are not different from those of normal cats. To explain
these differences, we have examined the possibility that the negative chrono-
tropic effect of the vagus is enhanced in hyperthyroid cats. Preliminary re-

sults have shown that several cardiac actions of acetylcholine are enhanced in

hearts of hyperthyroid cats, findings compatible with the hypothesis that the

normal basal heart rate of hyperthyroid animals is due to increased sensitivity

of the sinus node to acetylcholine.

The maximal functional capacity of the hearts of patients who have

undergone "total correction" of congenital heart defects has been evaluated

by catheterization at rest and during intense treadmill exercise. Patients

whose atrial septal defects have been completely closed and whose routine

catheterization studies are normal may have residual impairment of the

cardiac output response to intense upright exercise in the absence of pulmonary
arterial hypertension. Patients with corrected tetralogy of Fallot have

minimal impairment of their cardiac output response, but may markedly increase

their right ventricular outflow gradient and right ventricular pressure

during exercise
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Section on Clinical Biophysics
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National Heart and Lung Institute

July 1, 1970 through June 30, 1971

The activities of this Section have continued along the lines outlined in

last year's report. Our principle efforts have centered around two related

areas of research: Experimental atherosclerosis and vascular physiology. In

experimental atherosclerosis we have completed the first major phase of our

program which was designed to examine the detailed topography and histology of

spontaneously-occurring and induced atherosclerosis in swine and dogs. We

have confirmed the findings of others that atherosclerosis occurs spontaneous-

ly in swine, is accelerated by feeding a high-fat, high-cholesterol diet, and

is further augmented by inducing the hypothyroid state. We have also con-

firmed the fact that dogs do not normally develop atherosclerosis unless the

hypothyroid state is induced. Moreover, we have found that the porcine ath-

erosclerosis has a histologic picture which closely resembles the disease in

human subjects, i.e., it is usually associated with a marked intimal fibro-

muscular hyperplasia, whereas in dogs the lesions appear more xanthomatous.

The cytologic characteristics of the disease process in both species using

both a light microscopy and electron microscopy was also found to be consis-

tent with that reported in the literature.

In contrast to the aho^re, certain new observations emerged from our

experiments: First it was found that the gross topography of the lesions in

early disease was strikingly similar among all groups of animals of both
species. The sites of greatest occurrence of lesions were in areas of vessel
branch points and their associated entrance regions. The sites of highest
lesion incidence were: the lower aortic trifurcations, the sinuses of Valsal-
va, the aortic arch orifices, the major branch orifices in the upper abdominal
aorta, the entrance regions of both the coronary arteries, as well as the
main bifurcation and other branch points of the extramural coronary arteries.
The presence of grossly apparent fibromuscular intimal thickening in the older
animals did not significantly alter the topography of lipid deposition.

Although the over-all topographical distribution of lesions in the dif-
ferent animal preparations and different species were strikingly similar,
careful study of the detailed topography at each anatomic site showed interest-
ing, consistent, and different patterns of sudanophilia. A classification
scheme was developed so that these patterns could be quantified. Analysis of
the topography using this scheme showed that sudanophilia patterns appear to
be unique not only with respect to anatomical site but also to the type of
animal preparation. Although the underlying causes for these intriguing
differences presently remain obscure, they are of obvious etiologic and patho-
genic significance, pointing to the presence of strong localizing factors both
of a hemodynamic, histologic, and chemical nature. These observations have
been incorporated into the experimental design of the second phase of this
program and will be pursued as appropriate techniques are developed.

We have also found that lesions which have the histologic appearance of



fatty streaks in many cases go on to develop into classical raised atheroma-

tous lesions indicating that the fatty streak can be an early form of true

atherosclerosis. We also observed an inverse relationship between the pre-

sence of dense, oriented collagen and lipid deposition. This was seen in two

circumstances: at branch points and in pre-existing areas of fibromuscular

hyperplasia.

At branch points areas of collagen are laid down in a pattern suggesting

that it is in response to chronic stress exposure related to the hydro-

mechanical forces in these regions. For example a dense sheet of collagen is

developed over the flow divider of most junctions forming a tough protective
sheath buttressing the endothelial cells against the increased forces required
to deflect the blood flow at these points. Lipid deposition in these regions
of dense collagen is seen only rarely and then only when the serum lipid

levels have been elevated to very high values. This may explain the unique
detailed topographic distribution of lipid that was described above, i.e.,

the detailed topographic patterns of sudanophilia may be related to the dis-
tribution of pre-existing less permeable fibrous structures.

While fibromuscular proliferation and collagen deposition could also be
interpreted as a result of lipid infiltration (i.e., in response to the
"toxic" effects of lipid), we have observed a number of instances where lipid
deposition and fibromuscular proliferation were observed to occur separately.
This suggests, at least under certain circumstances, these processes are in-
dependent of one another. For example, lipid infiltration commonly was seen
in the absence of fibromuscular changes in dogs with elevated serum lipids,
and, conversely, fibromuscular proliferation was frequently observed in the
absence of stainable lipid in both euthyroid swine and dogs.

Further evidence for the independence of these processes was found in a
study designed to show the potentiating effect on atherogenesis of increased
blood flow (shear stress) . In these studies arteriovenous shunts were con-
structed both for the carotid artery and for the iliofemoral artery such that
the shunted artery in each case carried about five times as much flow as the
contralateral control artery. The shunted iliofemoral artery responded to
this increased stress with a marked increase in atherogenesis, whereas the
shunted carotid artery responded with marked fibromuscular hyperplasia but no
significant increase in lipid deposition. These studies point to the fact the
arterial interface does respond' to increased hydromechanical forces and de-
pending on local tissue factors can respond with increased fibromuscular
hyperplasia, or with increased lipid deposition.

Atheromatous involvement of the media which has been described in man
also was observed in both species of animals studied here. Three forms of
involvement were observed. The first type of involvement, which is similar to
that reported in the literature, occurred in areas of matured atheromatous
lesions and appeared to represent a simple spillage of the atheromatous
material from the plaque through a broken internal elastic lamella into the
medial region. In this situation the lipid had a coarse, granular appearance
and appeared to evoke strong tissue reaction in the form of phagocytosis and
smooth muscle infiltration. This second type of medial involvement occurred
most frequently in elastic arteries and consisted of a homogeneous deposition
of oil red positive material which was diffuse and tended to fill all of
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the interlamellar spaces of the wall. This type of involvement appeared to

be more physiological in that it did not evoke any apparent tissue response.

It was seen most commonly in the ascending aorta and frequently would extend

from media to the adventitial capillary bed, suggesting that it might repre-

sent an augmented but normal flux of lipoproteins across the arterial wall as

a result of hyperlipidemia. The third type of involvement appeared to be

similar to the second; however, it usually occurred in areas with the pre-

existing intimal involvement at the periphery of fibromuscular thickenings

and was occasionally associated with some cellular response.

The physiological studies which bear on the foregoing observations have

been carried out both ijn vivo and in vitro . In an effort to demonstrate

further that the vascular interface responds to the adjacent hydromechanical

forces another study was done in addition to the aforementioned shunt studies.

In this study it was observed that the orientation of endothelial nuclear

patterns appears to correspond to the adjacent shear stress distribution
pointing in the direction of the streamlines of flow. For example, endo-

thelial cells upstream from regions of orifices all tend to point toward the

orifice whereas in relatively uniform straight sections of vessel the nuclei

tend to have a longitudinally-oriented pattern. One such straight segment is

the descending thoracic aorta which invariably has elongated nuclear endo-

thelial nuclei all pointing parallel to the axis of the blood vessel. A seg-

ment of the descending thoracic aorta was removed, opened longitudinally, and

then the two cut circumferential edges were sewed together to form a tube

again, the axis of which now, however, was 90° removed from its original axis,

such that the endothelial cells now all point circumferentially. This tubular
segment was then resewn into its original bed and the subsequent changes in

endothelial cell pattern observed sequentially over the ensuing three weeks.
It was found that within three days the endothelial cells begin to turn from
their circumferential orientation toward a longitudinal orientation and by
ten days all cells are now oriented again in longitudinal direction. This,
with the aforemantioned A-V shunt data, again shows that the vascular inter-
face is responsive to the adjacent hydrodynamic forces.

A series of in vivo studies have shown that the topography of the flux
of Evans blue-tagged albumin appears to be greatest in the same areas that
the aforementioned homogeneous oil red-0 staining material was greatest.
These data taken together with the studies of Duncan who showed the flux of

cholesterol also was greatest in the ascending aorta, lend further support to
the aforementioned suggestion that this particular type of medial lipid depo-
sition may be related to a normal transmural flux of lipoproteins.

A number of in vitro experiments have been carried out to study the fac-
tors influencing protein transport across the vascular interface. A specially
designed device, described in detail in previous communications, was used in

which the thermal, mechanical, and chemical milieu of the blood vessel could
be controlled or measured. In this system it was possible to estimate the
mass transport of a given protein species (albumin in this case) as a function
of both time and these other variables. It was shown that the excised blood
vessel remains "physiologically" normal for periods up to four hours provided
it is kept under autologous serum. The salient aew findings were: first, a
potent barrier to albumin flux esists in a local region associated with the



endothelial cells. Removal or damage of the endothelial cells causes a 100-
to 1000-fold increase in the flux of albumin across the vascular interface.
Second, transmural pressure differences of up to 280 cm of water pressure do
not influence the flux of albumin, either in the presence or absence of endo-
thelial cells. This suggests that protein flux across the arterial wall in
the presence of a normal media is not influenced by the pressure drop. Third,
the flux of albumin across the interface, however, is greatly increased when
the surface is stretched. Finally, a wide variety of solvents, including
saline, and particular solutions containing certain polar solvents such as
ethyl alcohol and acetone greatly increase the permeability of the interface
to protein.

In summary, these studies indicate that the major barrier to albumin
(probably also lipoprotein) transport exists locally in the region of the
endothelial surface; it depends on the presence of normal endothelial cells;
it is weakened either by the elution of some material or by decreasing the
oncotic properties of the adjacent fluid; it is decreased by stretching and
exposure to increased shear stress; it is not influenced by the transmural
pressure- itself. These studies are being continued to define the associated
transport mechanisms in greater detail.

A number of theories have been proposed to explain the pathogenesis of

atheromata. The essence of these can be considered under three major head-
ings; the filtration, the intrinsic and the thrombogenic theories. The fil-
tration theories consider the increased deposition of lipid to be the result
of an imbalance between the lipoprotein flux into and out of the intimal
tissues. The intrinsic theories consider the increased lipid deposition to be
secondary to local alterations in tissue chemistries, such that increased
amounts of lipid are being synthesized in situ or that insoluble lipid accumu-
lates from accelerated breakdown of lipoprotein molecules. The thrombogenic
theories suggest that the initiating process is the formation of microthrombi
o.T the endothelial surface with secondary changes in local lipid transport and
metabolism.

The data presented in this report are not at odds with any of these ideas

and in fact tend to reconcile some of the apparent differences in viewpoint.
All of these ideas can be related at least in theory to predisposing hydro-

m.echanical events. For example, the flux of proteins, including lipoproteins
into or out of the animal tissues, can be altered significantly by the state

of stress and the associated chemical milieu as was shown in our physiological
studies. Moreover, protein synthesis, including the laying down of oriented-

structured proteins, such as collagen, has been shown to be related to chronic

exposure to stress in studies of bone and tendon by other workers. Further-
more the rate of synthesis of cholesterol by fibroblasts has been shown by

Avigan to be increased by prior mechanical agitation. Finally, endothelial
injury caused by increased exposure to shearing stress results in increased

permeability and influx of serum proteins, as well as an increased affinity

for platelet adhesion and fibrin deposition, as shown by previous studies from

this laboratory. Thus, when the foregoing theories of atherogenesis are

viewed together with the present data they appear entirely compatible. • It

would be unwise to consider any one of them the sole process leading to the

formation of atheroma. The present groups of studies would suggest that each

//

H

; o
o

ri :

-I m
3" X
D T3
-s ro
^ -s
a
re

3'
c m
rt- 3

ri-

n al
j> —

'

mr-

F^ 3-
<X)

00 3c
~i
U3 Qi
n>
-s
'<



of these theories probably represents only one component of a complex system
of independent and often interacting atherogenic processes, many of which are
coupled to associated mechanical events.

The characteristic topographic patterns of lipid deposition and con-

sistent location of fibromuscular intimal thickenings described in these
studies point to local factors that act at a level of resolution not pre-
viously appreciated. If we are to try to establish correlations between
mechanical stresses, local rheologic properties, structural protein patterns,
histochemical properties and local tissue biochemistry, we cannot rely upon
the relatively gross techniques currently available but instead must evolve
a new battery of more sophisticated microtechniques which implies the need
for acquiring new talent, special tools, expanded collaborative efforts,
contractural help, and an increased budget to accommodate these needs.
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Annual Report of the

Section of Pathology
National Heart and Limg Institute

July 1, 19 70 to June 30, 1971

This section is concerned with structural changes produced in heart,

blood vessels, and lung by cardiovascular and pulmonary diseases. This

section works primarily with human "material," much of which is submitted from

hospitals and institutions outside the Clinical Center of the National

Institutes of Health. The number of hearts submitted to this section have

progressively increased: in 1967, the number was 159; in 1970, the number was

298, The submitted specimens are studied routinely by gross and histological

means and occasionally by electronmicroscopic means. The number of paraffin

blocks prepared in the section's histology unit in 1970 were 3,789. The

number of hematoxylin and eosin stains performed was 5,246; the number of

special stains, 3,425; and the number of unstained slides, 10,764. Thus,

19,435 slides were cut and 8,671 slides stained during this 12-month period.

Approximately 4,000 of the 19,000 slides cut were large (3x1.5 inches). All
gross photography performed for this section has been done in the Laboratory
of Pathology, National Cancer Institute.

Coronary Heart Disease : A continuing project of this section has been
the study of major extra- and intramural coronary arteries of patients dying
of acute myocardial infarction. During the past 2 years 92 patients have
been studied at necropsy. The 3 major extramural coronary arteries were
excised intact, decalcified, sectioned, processed, and 3 histologic sections
from each 0.5 cm. segment were examined. Among the 92 patients, 66 had
transmural myocardial infarcts, 7 has subendocardial infarcts, and 19 died
suddenly (<6 hours) without myocardial necrosis. Thrombi were found in extra-
mural coronary arteries in 33 (50%) of 66 patients with transmural infarcts,
in of 7 with endocardial infarcts, in 2 of 19 patients who died suddenly.
The number of major extramural coronary arteries (3 per patient) narrowed
greater than 75% by old atherosclerotic plaques was 2.4 in the transmural
cases, 2.0 in the subendocardial cases, and 2.3 in the sudden death patients.
Of the many thousands of slides of coronary arteries examined in the 92
patients, only 3 sections showed normal coronary arteries. Although the degree
of luminal narrowing varies considerably, coronary arterial atherosclerosis is

a diffuse disease. The lumens of the coronary arteries distal to sites of
thrombosis were >75% narrowed by old plaques in 33 of the 35 patients with
thrombi. The coronary artery distal to a thrombus has never been studied
previously. Since thrombi were rare in sudden death cases, and since they
occurred only in the coronary arteries of patients who already had severely
narrowed vessels, it is believed that thrombi are consequences rather than
causes of myocardial infarcts. Thrombi were observed almost exclusively in
patients dying with features of the pump failure syndrome (shock or severe
congestive heart failure).

Prosthetic Cardiac Valves : A continuing effort of this section has been
the morphologic evaluation of hearts and other organs of patients dying after
replacement of one or more cardiac valves with prosthesis. From 1963 through
1970, 181 patients died after valve replacement: 107 within 2 months of
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operation, and 74 at later periods up to 80 months. Among the causes of death

early, prosthetic dysfunction was responsible in 30%, no anatomic cause was

found in 28%, bleeding and technical mishaps 19%, infection 4%, and mis-

cellaneous causes 5%. Among the 74 patients who died late, prosthetic dys-

function accounted for death in 37% and factors secondarily related to

prostheses in 24%. All patients who died late following aortic valve replace-

ment had intimal fibrous proliferation in the aortic roots. Whether or not

the coronary arterial ostia will become narrowed with time following aortic

valve replacement remains to be seen. The degree of intimal proliferation in

the ascending aorta in patients who died late was proportional to the degree

of renal hemosiderosis, indicating that the aortic lesion is due to turbulence

of blood traversing the aortic valve and that this turbulence causes intra-

vascular hemolysis which is apparent in the kidney by deposition of iron in

renal tubules, l^ether or not the metallic ball now used in Starr-Edwards
prostheses will hold up over many years remains to be seen. There is sug-
gested evidence now that the cloth-covered struts will show evidence of wear

after about 3 years. Although additional years of life have been provided to

many critically ill patients froFi severe valvular heart disease by cardiac
prostheses, it is apparent 10 years after valve replacement began that the

ideal cardiac valve is not presently available. It would appear from this

study that the caged-ball rigid frame prostheses are simply not capable of

functioning properly in a few selected hearts with either small left ven-
tricular cavities or small aortas.

Aortic Valve Disease : Among the congenital malformations of the aortic
valve, the least understood and the least well recognized is the unicuspid
unicommissural valve. This valve is the most common cause of aortic stenosis
during the first year of life, but its recognition in adults has been in-
frequent. Twenty-one adult patients found at necropsy or surgery to have
unicommissural valves were studied. Although this basic valve structure may
render it inherently stenotic, the long duration of the murmur and the late
age of onset of symptoms of left ventricular outflow obstruction in these
patients strongly suggest that stenosis, at least in part, is acquired.
Since these valves are characterized by only one commissure, valvotomy is

hazardous and valve replacement appears indicated if operation is indicated.

Endocarditis : A major project of this section during the past year has
been the study of necropsy patients with infective (I) and non-infective endo-
carditis (E) . Of 55 necropsy patients with active valvular IE, 58% had
vegetations on previously anatomically normal valves. Predisposing factors
allowing entrance of virulent or unusual organisms or alteration of host de-
fense mechanisms occurred in 70% of patients with IE on previously normal
valves. Valvular dysfunction occurred in 70% of patients with IE on pre-
viously normal valves. Valvular dysfunction occurred in 70% of the 55
patients, causing congestive heart failure in all. Myocardial lesions were
present in 92% of the 39 patients in whom multiple histologic sections of
myocardium were examined. A new observation was the finding of papillary
muscle necrosis in 75% of patients; mitral regurgitation occurred as a result
of this necrosis in only one. Since myocardial inflammation was focal in all
but 2 patients myocardial lesions are not believed to be a primary cause of
congestive heart failure in patients with IE.
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Twenty-nine necropsy patients with healed valvular IE were reviewed.
Active IE had occurred on anatomically abnormal valves in 24 patients, 9 of
whom had congenitally bicuspid aortic valves. All 29 patients had evidence
of valvular dysfunction during and after the active IE and 2 7 had overt con-
gestive heart failure. Active IE was the sole or contributory cause of
valvular dysfunction in 23 of the 29 patients. The presence of fibrosis of
the papillary muscles in 83% of the 29 patients supports the view that this
lesion is the result of healed papillary muscle necrosis, observed frequently
in the patients with active IE.
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Five patients with active IE confined to mural endocardium were studied.
This type of endocarditis is unique. Each patient had an underlying malignant
disease and the causative organism in each was a fungus. The vegetations were
located on right ventricular endocardium in 3 patients and on left atrial
endocardium in 2 . In each, the mural IE was not primary but rather the result
of extension of an infective process originating at another site. No evidence
of cardiac dysfunction occurred in any of the 5 patients.

The clinical and necropsy features of 45 patients with active non-
infective ("marantic") endocarditis also were studied. This type of endo-
carditis is characterized by the lack of organisms demonstrable on histologic
section of the vegetation. Vegetations occurred on anatomically normal valves
in 40 patients and in functionally normal valves in 44 patients. Malignancy
was present in 39 patients . A precordial murmur occurred in 55% of the
patients. Systemic emboli to the brain caused death in 6 patients.

Congenital Aneurysm of the Ductus Arteriosus ; Although patent ductus
arteriosus is a well-recognized congenital malformation, aneurysm of this

structure rarely has been appreciated. An aneurysm at this site, however,
was observed in a 2-month-old child. The literature in 60 previously
described patients with ductal aneurysm was reviewed. It is apparent that
the aortic end of the ductal aneurysm is always patent and that the pulmonary
arterial end may or may not be patent. Nearly half of the ductal aneurysms
develop complications (rupture, embolism or infection) and therefore operative
resection appears warranted when this diagnosis is established.

Papillary Muscle Dysfunction : A unique opportunity presented itself when
a 71-year-old man was admitted to a local hospital with what turned out to be
a silent acute myocardial infarction. This patient presented evidence of
.severe congestive heart failure, but since the cause of the heart failure was
unknown cardiac catheterization was undertaken. At the first study, when no
precordial murmur was apparent, hemodynamics indicated that the mitral valve
functioned abnormally. Two weeks later, when a loud murmur of mitral re-
gurgitation was present, hemodynamics reconfirmed severe mitral regurgitation.
The uniqueness of this case lies in the fact that, for the first time, serial
cardiac catheterization was performed in a patient during the period when
papillairy muscle necrosis was taking place. Also, hemodynamic mitral re-
gurgitation was demonstrated before auscultatory mitral regurgitation was
apparent.

b -s

Electron Microscopy

The electron microscopic unit of this section, which became fully
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operational in April 19 70, yielded several studies. The spleen in type I

hyperlipoproteinemia was studied ultrastructurally . Foam cells were observed

that contained a material identified as ceroid. The ceroid was organized in

the form of granules and the process of formation of these granules was

described. The ceroid was considered to represent non-digestible end products

of the metabolism of chylomicrons taken up by macrophages in splenic sinusoids.

Several cardiac myxomas were studied ultrastructurally. The electron micro-

scopic observations support the concept that the tumor cells are derived from

endocardial endothelial cells. Ultras tructural observations were made in 12

patients who had left ventricular outflow myocardium excised at time of

operation. Each of these patients had idiopathic hypertrophic subaortic

stenosis and electron microscopy disclosed that the ultras tructural features

of this entity are distinctive and are characterized by severe disorientation

of myocardial fibers. The patterns observed in the muscle excised from the

left ventricular outflow tract were compared to muscle observed at left

ventricular apex and the severe disorientation pattern was not observed in

the apical biopsies. The features of the muscle in the left ventricular out-

flow tract are similar to muscle observed in newborns and suggest that this

disorientation, and thus the basic disease, is present from the time of birth.

Ultras tructural studies were made on the acute and chronic effects of
normothermic anoxia on canine hearts . All 16 dogs subjected to 45 minutes
of cardiac anoxia showed extensive myocardial damage ultrastructurally where-
as all 7 dogs subjected to 3 minutes of cardiac anoxia showed only minimal
myocardial damage. These observations would not have been apparent on light
microscopy whereas they were clearly apparent by electron microscopy. The
effects of hyperosmotic perfusate on ultras tructure and function of the iso-
lated canine heart were studied. Eleven dogs were studied: 5 were perfused
with filtered plasma, and 6 with filtered p lasma -de xt ran. Interstitial edema,
swelling of sarcoplasmic reticulum, and mitochondrial damage were observed in
each of the 5 hearts perfused by filtered plasma. In contrast, interstitial
edema was absent in each of the 6 hearts perfused by filtered plasma-dextran
and swelling of sarcoplasmic reticulum and mitochondrial damage occurred in
only 2. Thus, the osmolarity of the perfusate is important in preventing
edema in perfused hearts .

A continuing study of this section has been the ultrastructure of myo-

cardium removed at biopsy in patients with primary myocardial disease . The
cardiac biopsies are being done at either D.C. General Hospital or at the
Veterans Administration Hospital in Washington, D.C. Observations at this
point indicate that mitochondrial alterations, swelling of sarcoplasmic
reticulum and dilatation of the transverse tubular system are the main
alterations present. These alterations, however, are not specific for primary
myocardial disease. None of the observations has proved useful from a
diagnostic standpoint.
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Project Title;

Serial No. NHLI-1
1, Cardiology
2, Clinical Physiology
3, Bethesda, Md.

PHS-NIH
Indivudual Project Report

July 1, 1970 through June 30, 1971

Potentiation of the Inotropic Effects of Norepinephrine,
Glucagon, and Dibutyryl Cyclic AMP by Theophylline

Previous Serial Number: None

Principal Investigator: C. Lynn Skelton, M, D.

Other Investigators: Melvin L. Marcus, Mo D,

Fred E. Karch
Thomas J. Hougen
Stephen E. Epstein, M. D.

Cooperating Units; None

Project Description: The positive inotropic response to catecholamines and
glucagon has been postulated to result from an increase in the intracellular
level of cyclic AMP, produced by activation of adenyl cyclase. If this hy-
pothesis is valid, inhibition of phosphodiesterase, the enzyme responsible
for inactivating cyclic AMP, would be expected to enhance the cardiac effects
of these agents. We therefore examined the effects of theophylline, an ef-
fective inhibitor of phosphodiesterase, on the isometric response of cat
papillary muscles to varying concentrations of norepinephrine (10"11 to 10""

M), glucagon (10"^ to 10-^), and of dibutyryl cyclic AMP (DBC) (lO'S to lO'^
M), a more lipid soluble derivative of cyclic AMP which is thought to mimic
the intracellular effects of cyclic AMP. At a theophylline concentration
(2.5 X 10"^ M) which caused little increase in baseline contractile function
(avg, less than 107o) , a marked potentiation of the inotropic effects of nor-
epinephrine, glucagon and DBC was observed. Thus, the concentration of nor-
epinephrine producing half maximal activity decreased from 1 x 10"' M to 1 x
10"%: that of DBC decreased from 8 x 10""^ to 4 x 10"'^ M. In addition, the
peak tension development produced by glucagon increased from 0.7 + .25 g/mm^
to 3.0 + .72 g/mm'^ (p<.01). In contrast, theophylline did not alter the
inotropic effects of calcium (2.5 x 10"^ - 1.0 x 10"^), an agent not believed
to exert its inotropic effects through the cyclic AMP system. These findings
provide further evidence that the inotropic effects of norepinephrine, gluca-
gon, and DBC are mediated via increases in the intracellular level of cyclic
AMP.

Proposed Course of Project: Completed

Honors and Awards : None

Publication: Submitted for publication
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Serial No. NHLI"2(c)
1. Cardiology
2. Cardiovascular Diagnosis

3. Bethesda, Md,

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Comparison of Left Ventricular and Pulmonary Arterial

Injection Sites in the Determination of Cardiac Output by

the Indicator Dilution Technique

Previous Serial No»: None

Principal Investigator: Richard L. Shepherd, M.D.

Other Investigators: D. Luke Clancy, M.D„
Lawrence M. Higgs, M.D,
Stephen E, Epstein, M.D.

Cooperating Units: None

Project Description: The validity of the indicator dilution technique for

measuring cardiac output has been established by comparing the values

obtained with those determined simultaneously by the Pick method. In such

studies indicator was injected in the lesser circulation and sampled in a

systemic artery. Because the adequacy of the left ventricle as a mixing

chamber has been questioned, left ventricular injections seldom have been

used. This study was undertaken to assess the accuracy and reproducibility

of cardiac output measurements made from left ventricular indicator dilution

curves.

In 58 patients with a variety of hemodjmamic abnormalities, four indi-

cator dilution curves were inscribed in rapid succession alternating the

site of injection between pulmonary artery and left ventricle and using a

single systemic arterial sampling site. Indocyanine green was the indicator.

The average cardiac output calculated using the left ventricular curves
exceeded that using the pulmonary arterial curves by 0„037 L/min (standard

error + 0.052 L/min). The estimated standard error of a left ventricular
measurement of cardiac output was 0.41 L/min and that of a pulmonary arterial
measurement was 0.35 L/min. Thus, cardiac output determined from left

ventricular curves did not differ significantly from determinations made from

pulmonary arterial curves, and the reproducibility of the two methods was
essentially the same.

Data from individual patients with the largest differences between
cardiac output determinations by the two methods suggest that in the presence

of severe mitral regurgitation left ventricular curves tend to overestimate
output while pulmonary arterial curves tend to underestimate output. We
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Serial No. NHLI-2(c)

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

conclude that left ventricular indicator dilution curves give accurate and
reproducible measurements of cardiac output except in occasional patients
with severe mitral regurgitation.

Proposed Course: Completed

Honors and Awards: None

Publications: In preparation.
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Serial No. NHLI-3(c)
1. Cardiology
2. Cardiovascular Diagnosis

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Acquired Right Ventricular Infundibular Stenosis in Patients

with Ventricular Septal Defect

Previous Serial Number: None

Principal Investigator: Richard L. Shepherd, M.D.

Other Investigators: D. Luke Clancy, M.D.

Richard B, Jaffe, M.D.

Joseph Perloff, M.D.

Stephen E. Epstein, M.D.

Cooperating Units: Radiology Dept. , Clinical Center; Division of Cardiology,

Dept. of Medicine, Georgetown Univ. School of Medicine

Project Description: With the possible exception of bicuspid aortic valve,

ventricular septal defect (VSD) is the commonest congenital cardiovascular
malformation seen in children. Although many patients with this defect die

in infancy of left ventricular failure or develop severe pulmonary vascular
disease and die as young adults, the drop-out rate due to these complications
is not sufficient to explain the observation that it is relatively uncommon
to see an adult with uncomplicated VSD. The observation that many patients
with a VSD experience spontaneous closure of the defect explained the dis-
crepancy in prevalence of this entity in children and adults. However,
clinical studies have suggested that development of right ventricular ob-

struction is another possible cause for the infrequency with which isolated
VSD is seen in adults. By serial hemodynamic studies we have recently docu-
mented the development of acquired right ventricular infundibular stenosis in
five children with VSD.

When first studied at ages six months to four years, each child had
pulmonary arterial hypertension, a trivial or absent pressure gradient across
the right ventricular outflow tract, and a large left- to-right shunt at
ventricular level. When restudied 1 1/2 to five years later, each was found
to have a normal pulmonary arterial pressure, a large pressure gradient across
the right ventricular infundibulum, and a reduced left-to-right shunt. Two
of the patients had large right-to- left shunts at ventricular level, and like
patients with tetralogy of Fallot presented on their second admission with
cyanosis and squatting. Both have undergone corrective operations.

This study thus demonstrates that severe right ventricular infundibular
stenosis can develop in children with uncomplicated VSD. It also indicates
that while the acquisition of right ventricular infundibular stenosis is
beneficial in some patients with VSD (since pulmonary arterial pressure and
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Serial No. NHLI-3(c)

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

flow are thereby reduced), the infundibular narrowing can become excessive

and result in a physiologic situation identical to that seen in Fallot s

tetralogy.

Proposed Course of Project: Completed

Honors and Awards: None

Publications: In preparation
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Serial No. NHLT-4(c)
1. Cardiology
2. Clinical Physiology

3. Bethesda, Md.

1

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Hemodynamic Assessment of Kay Shiley Prosthetic Valves

Previous Serial Number: None

Principal Investigator: Richard L. Shepherd, M. D.

Other Investigators: D. Luke Clancy, M. D.

R. Reis, M. D.

Stephen E. Epstein, M. D.

Andrew G. Morrow, M. D.

Cooperating Units: Clinic of Surgery

Project Description: Previous studies have assessed the in vivo hemodynamic

function of Starr Edwards valve prostheses but there is no information avail-

able relating to the performance of the low profile disc type (Kay Shiley)

valve prosthesis.

Since January 1966, fifty-one Kay Shiley valves have been used to re-

place diseased mitral and/or tricuspid valves in 48 patients. Twenty-three

of the 48 patients had mitral valve replacement; three of the 23 patients

also had tricuspid annuloplasties and two others had myotomy for IHSS. In

18 of the 48 patients both mitral and tricuspid valves were replaced; 4 of

the 18 patients had Kay Shiley protheses in both mitral and tricuspid areas

and the others had a Starr Edwards mitral prothesis and a Kay Shiley tri-

cuspid prosthesis. Three patients had Starr Edwards aortic protheses and

Kay Shiley mitral prosthesis and 4 patients had Starr Edwards aortic and mitral

prostheses and Kay Shiley triscupid prostheses.

There have been 22 postoperative deaths and 8 patients who have been

lost to follow up. There are 18 survivors who have had postoperative cathe-

terizations. In patients with tricuspid valve replacement, the right atrial

mean pressure was 8 mm Hg or more in every case. In patients with mitral

valve replacement, the left atrial mean pressure was 18 mm Hg (average).

Calculated valve areas in vivo were 66 - 757o of the in vitro valve areas

provided by the manufacturer.

The operative mortality in this group of patients is considerably higher

than the mortality in this institution using the caged ball prosthesis. The

reasons for the higher mortality are not clear. Many of these patients had

more than one valve replaced and the low profile valve was usually selected

when the ventricular cavity would not accept a caged ball prosthesis. As has

been found in the caged ball prosthesis, the Kay-Shiley prosthesis causes mild

to moderate obstruction to atrial emptying.
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Serial No. NHLI-4(c)

PHS-NIH
lndi\iidual Project Report

July 1, 1970 through June 30, 1971

Proposed Course of Project: Completed

Honors and Awards : None

Publications: Manuscript in preparation.
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Serial No. NHLI-5(c)
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Reversibility of Impaired Heart Rate Response to Sympathetic

Stimulation in Patients with Cardiac Decompensation

Previous Serial Number: None

Principal Investigator: Douglas R. Rosing, M. D.

Other Investigators: G. David Beiser, M. D.

David R. Redwood, M. D.

Eldon R. Smith, M. D.

Stephen E. Epstein, M. D.

Cooperating Unit: None

Project Description: We have shown that the heart rate response to barore-
ceptor mediated enhancement of sympathetic activity is impaired in patients
with depressed cardiac function, as is the maximal heart rate response to ex-
hausting exercise. Although the etiology of this impairment has not been de-
fined, the defect does not appear to be due to either decreased sensitivity
of the adrenergic receptor site or differences in background vagal tone. Its
potential for reversibility also is unknown. To more fully characterize this
defect, the heart rate responses to l) baroreceptor enhancement of sympathetic
activity produced by lowering mean arterial pressure with nitroglycerin and
2) exhausting exercise have been determined in functional class II and III
patients about to undergo cardiac surgery. Samples of atrial and left ven-
tricular papillary muscles have been obtained at the time of operation. These
samples will be analyzed for norepinephrine content in an attempt to correlate
depletion of these stores with the impaired heart rate response. In addition,
the preoperative studies will be repeated after operation to determine if the
anticipated improvement in cardiac function results in an improved heart rate
response to sympathetic stimulation.

Proposed Course of Project: As outlined above

Honors and Awards: None

Publications: None

^X^



Serial No. NHLI-6(c)
1. Cardiology
2. Clinical Physiology

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Effects of Aging, Type IV Hyperlipoproteinemia, and

Coronary Artery Disease on the Diurnal Pattern of

Fibrinolytic Activity

Previous Serial Number: NHLI - 29(c)

Principal Investigator: Douglas R, Rosing, M.D,

Other Investigators;

Cooperating Units:

Pieter Brakman, M„D.
David R. Redwood, M.D.
Stephen E, Epstein, M.D,

The James F„ Mitchell Foundation, Washington, D.C,

Project Description: The fibrinolytic system is important in maintaining an

equilibrium between fibrin deposition and dissolution, and it has been

postulated that a defect in this system may play a role in the pathogenesis

of arteriosclerosis. Therefore diurnal patterns of plasma euglobulin
fibrinolytic activity, estimated by the Astrup fibrin plate method and

expressed as mm^ lysis, were determined in 1) young normal subjects - mean

age 20; 2) older normals - mean age 44; 3) patients with type IV hyperlipo-
proteinemia - mean age 44; and 4) patients with coronary artery disease and

normal lipid studies - mean age 52. Because fibrinolytic activity gradually
increases during the day in young normal subjects at bed rest and peaks

between 5 and 8 p.m., samples collected at 8 a.m., 5 p.m., and 8 p.m.

were selected to charactierize and compare the four groups. Mean peak fibrin-
olytic activity was also compared among the groups. At 5 p.m. fibrinolytic
activity in 18/19 young normals increased at least 75 mm^ ; however, only

13/24 older normals (P <.05) , 5/20 patients with endogenous hypertrigly-
ceridemia, and 3/16 patients with coronary artery disease demonstrated similar
increase. At 8 p.m. fibrinolytic activity in 19/19 young normals increased
at least 100 mm^ ; only 14/24 older normals (P <.005), 3/20 patients with
triglyceride abnormalities, and 6/16 patients with coronary artery disease
exhibited this increase. The difference between the increases in fibrinolytic
activity in the age -matched older normals and type IV patients were
statistically significant at 8 p.m. but not at 5 p.m. The differences between
the older normals and coronary artery disease patients were not statistically
significant. Absolute values of mean peak fibrinolytic activity were:
young normals = 254 + 14 mm'^, older normals = 202 + 22 mm^, type IV patients
137 + 14 mm2, and patients with coronary artery disease 164 + 17 mm . The
differences in absolute values between the young and older normals (P <.05),
and the older normals and type IV patients (P < .01) were statistically
significant, but the differences between the older normals and patients with
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coronary artery disease did not achieve statistical significance. Thus, the

data demonstrate that the diurnal augmentation of fibrinolytic activity norm-

ally occurring in young normal subjects is encountered less frequently in

older subjects. Patients with type IV hyperlipoproteinemia, a condition
which has been associated with the early development of atherosclerosis, show

an impairment that is greater than that which can be attributed to age alone.

Patients with coronary artery disease but with normal lipid studies demonstrate
smaller diurnal increases than older normal subjects, although the differences
are not statistically significant.

Honors and Awards : None

Publications: Manuscript in preparation.
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Project Title: Propranolol in the Treatment of Arrhythmias Occurring During

Acute Myocardial Ischemia in Conscious Dog

Previous Serial Number : None

Principal Investigator: Douglas R. Rosing, M. D.

Other Investigators: James Talano, M. D.

Richard Karsh, M. D.

G. David Beiser, M. D.

Stephen E. Epstein, M. D.

Cooperating Units: None

Project Description: Approximately 407o of patients who suffer an acute myo-

cardial infarction die, and 2/3 of these deaths occur within the first few

hours, before the patient is admitted to a hospital. Since the mechanism of

death under such circumstances is probably due to cardiac arrhythmias, survival

following acute myocardial infraction might be increased by the initiation of

a program in which high risk individuals receive an effective anti- arrhythmic

agent on a chronic, prophylactic basis or in certain acute situations where

there is a strong suspicion that an acute myocardial infarction has occurred.

Propranolol, administered chronically to patients with angina pectoris, has

antiarrhythmic effects and has been shown to decrease the size of ischemic

areas after acute coronary occlusion in anesthetized dogs. This drug might

therefore prove of benefit to the patient suffering an acute myocardial in-

farction. On the other hand, since bradycardia decreases the fibrillation

threshold of the myocardium and favors the development of re-entry type arrhyth-

mias, the decrease in heart rate that occurs with propranolol administration

may predispose to the development of malignant arrhythmias.

To determine whether propranolol has a beneficial or deleterious effect

during acute myocardial infarction on arrhythmias, we are studying its effects

during acute ischemia produced in closed chest conscious dogs. This is accomp-

lished by emplacing inflatable balloons around the left anterior descending

coronary arteries in dogs as a first stage procedure. At least one week after

recovery from operation, acute myocardial ischemia is produced in the conscious

dog by inflating the balloon and thereby occluding the coronary artery. Stable

arrhythmias that develop are treated with .05 mg/kg doses of intravenous pro-

pranolol administered every five to ten minutes.

In six dogs that developed ventricular arrhythmias after coronary occlusion,

propranolol had no consistent beneficial or detrimental effects.
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In three dogs that had marked ST segment changes but no consistent
arrhythmia after occlusion, administration of propranolol did not produce
arrhythmias. These preliminary results suggest that while propranolol
administered chronically to patients with angina pectoris may not have any
detrimental effects if acute ischemia occurs, there is also little likeli-
hood that the drug will prevent arrhythmias occurring during such episodes.

Proposed Course of Project: 1) The number of dogs studied during occlusion
of the coronary artery will be increased; 2) the effect of propranolol
on arrhythmias which develop after release of coronary artery occlusion
will be studied (these arrhythmias are often more malignant than occlusion
arrhythmias); 3) the effect of practolol, a "cardio-specific" beta receptor
blocking agent with little tendency to lower resting heart rate, will be
evaluated

.

Honors and Awards: None ^

Publications: None
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Project Title: The Effects of Training in Patients with Coronary Artery
Disease and Angina Pectoris

Previous Serial Number: NHLI-25(c)

Principal Investigator: David R, Redwood, MoD„

Other Investigators;

Cooperating Units;

Douglas R„ Rosing, M.D,
Stephen E„ Epstein, M„D.

None

Project Description: In the last few years there has been increasing aware-
ness of the beneficial effects of exercise in patients with coronary artery
disease. Thus, several recent studies have shown that physical training
increases exercise performance in patients with angina and that at least
part of this improvement is due to a more efficient circulatory response to
exercise such that myocardial oxygen demands (MVO2) for any given intensity
of exercise presumably are reduced. Nevertheless, it is not known whether
training also leads to an enhanced capacity of the coronary vessels to
deliver oxygen.

We therefore studied the effects of a six -week program of intense
training in seven patients with angina pectoris due to coronary artery
disease. Aortic systolic pressure, heart rate, and ejection time were
recorded continuously during upright bicycle exercise before, at 3 weeks,
and at the conclusion of training. After six weeks exercise capacity marked-
ly increased: time to onset of angina rose an average of 6.8 + 1.5 minutes
(P < .01) and the intensity of exercise (measured by total body O2 consump-
tion) attained before angina increased 57 + 19% (P < .005). The greatest
change in exercise capacity occurred during the first 3 weeks of training.
The triple product (TP) of aortic systolic pressure, heart rate, and ejection
time was calculated and used as an index of MVO2 , TP (and presumably
MVO2) at any level of exercise was less after training, thus accounting for
part of the improved exercise capacity. However, after training a higher TP
could be achieved before the onset of ischemic pqin (4885 vs. 4290, P < .05).
If changes in TP accurately reflect changes in MVO2, then the finding that
ischemic pain occurred at a higher TP suggests that training, in addition to
improving the efficiency of the circulatory response to exercise, might also
improve myocardial oxygen delivery.

Proposed Course of Project: Completed.

Honors and Awards: None
Publications: Manuscript in preparation,
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Project Title: The Effects of Atropine on the Degree of Myocardial Ischemia

During Coronary Occlusion in the Conscious Dog
Previous Serial Number: None

Principal Investigator: David R. Redwood, M„D„

Other Investigators: Eldon R. Smith, M.D,
Stephen E. Epstein, M.Do

Cooperating Units: None

Project Description: Atropine is frequently employed in patients with acute

myocardial ischemia to treat bradycardia -induced arrhythmias, and we have

shown experimentally that atropine is effective in treating arrhythmias oc-

curring during the onset of myocardial infarction. It is not known, however,

whether the atropine -induced increase in heart rate has any deleterious
effect on the degree of myocardial ischemia. To avoid the tachycardia present

in open-chest anesthetized dogs, we studied the S-T segment response (obtained

from 10 - 12 implanted intramyocardial electrodes) to repeated five -minute

occlusions of the left anterior descending coronary artery at hourly intervals
in closed-chest conscious dogs in which we previously had implanted an in-

flatable balloon around the left anterior descending artery. Occlusions were

conducted in random order 1) at control heart rate (avg. 95), 2) with atropine
pretreatment (,005 - ,05 mg/kg/iv) , and 3) during atrial pacing. Repeated
control occlusions caused no change in degree of S-T response. When compared
to control occlusion there was a significant correlation between the per
cent increase in heart rate produced by atropine and per cent increase in

total S-T elevation (y = 0.89 x + 5.00, r = .95, P < .001). There was no
significant difference between the increase in S-T elevation with occlusion
following atropine and that following occlusion during rate-matched atrial
pacing.

To determine if an increase in heart rate from even slower control
rates (as might occur in some patients with acute myocardial infarction)
also was deleterious, various degrees of bradycardia were induced by vagal
stimulation during episodes of myocardial ischemia. Similar results were
obtained: i.e., there was a direct relationship between increases in heart
rate from 40 to 95 beats/min and increases in S-T segment elevation.

We conclude that if the degree of S-T elevation reflects severity or
extent of ischemia, increases in rate in experimentally produced acute myo-
cardial ischemia are associated with proportional increases in the degree of
myocardial ischemia. Thus, when atropine is administered to control brady-
cardiac-induced arrhythmias during acute myocardial ischemia, the lowest

effective dose should be used and excessive increases in rate avoided,
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Proposed Course of Project: Continuing

Honors and Awards: None

Publications: None
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Project Title: The Role of Cyclic AMP in Myocardial Contractility

Previous Serial Number: None

Principal Investigators: Melvin L. Marcus, M. D.

Leonard E. Grauer, M. D.

Other Investigators: Copal Krishna, Ph. D.

Stephen E. Epstein, M. D.

Cooperating Units: Laboratory of Clinical Pharmacology

Project Description: The effects of catecholamines on myocardial contract-
ility are thought to be mediated via increases in the intracellular level of

cyclic AMP which result from stimulation of adenyl cyclase. In an attempt
to examine this hypothesis more thoroughly, the effects of norepinephrine on
myocardial contractility and on tissue levels of cyclic AMP were studied
employing the isometr ically contracting cat papillary muscle. All experiments
were performed at 30°C with the muscles at the peak of their length-tension
curve (Lmax)- The effects of two concentrations of norepinephrine (1 x 10"^

and 1 X 10"") were studied. At each concentration, the effects of norepineph-
rine. The papillary muscles were then quickly frozen with cold isopentane,
measured, weighed, and assayed for cyclic AMP by the Gilmore method.

Control levels of cyclic AMP in the cat papillary muscle were found to
be 1.7 + 0.1 pcM/mg tissue. A concentration of 1 x 10"*^ norepinephrine pro-
duced an increase in both myocardial contractility and cyclic AMP within 5

seconds. A concentration of 1 x 10"" norepinephrine had a positive inotropic
effect within 10 seconds, but a significant increase in cyclic AMP concentra-
tion could not be demonstrated until 20 seconds had elapsed.

There are several explanations for the dissociation of the inotropic and
enzymatic effects of norepinephrine found in these preliminary studies. It
is possible that activation of the adenyl cyclase-cyclic AMP system and en-
hancement of contractility are coincidental and causally unrelated events. On
the other hand, it is possible that our technique is not sensitive enough to
detect small changes in tissue levels of cyclic AMP which nevertheless may be
physiologically significant. It is also possible that the adenyl cyclase-
cyclic AMP system is responsible for mediating several intracellular functions,
each function being compartmentalized into a separate pool. Thus, each pool
may be sufficiently small so that assaying tissues for total cyclic levels
becomes too insensitive a technique to discern, for example, changes in the
pool specifically responsible for altering myocardial contractility.
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Proposed Course of Project: Continuing

Honors and Awards: None

Publications: None
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July 1, 1970 through June 30, 1971

Project Title: A Completely Automated Video-Tracking Technique for the

Determination of Dynamic Changes in Ventricular Volume

Previous Serial Number: NHLI-22(c)

Principal Investigator: Melvin L. Marcus, M.D.

Other Investigators: William H. Schuette
Willard Whitehouse
James Bailey, M„D„
D. Luke Clancy, M„D.
Stephen E. Epstein, M„D.

Cooperating Units: Biomedical Engineering and Instrumentation Branch,

Division of Research Services;
laboratory of Applied Studies, Division of Computer
Research and Technology;
Administrative Branch, Clinical Center

Project Description; Several important indices of myocardial performance
depend upon accurate and frequent measurement of ventricular volume. Studies
employing such measurements have been limited because of the difficulty of

manually measuring and calculating volumes frequently enough to obtain
meaningful data. We therefore have developed a completely automated method
for determination of ventricular volume in man. Left ventricular cineangio-
grams (16 mm) taken in the RAO position at 60 frames/sec are projected with
a flickerless projector onto a Plumbicon television camera. A second tele-
vision camera is used for masking out noncontributory portions of the film
and for shading selected areas to facilitate accurate recognition of the

opacified chamber. An electronic video-tracking device then simultaneously
determines the area and the maximum length of the opacified chamber in each

cine frame; these data are recorded as analog signals on magnetic tape.

Volumes are calculated by computer and plotted against time. When volumes
determined by this automated method are compared with those obtained by
manual planimetry the correlation coefficient is r = .96; volumes of test
objects (20-360 cc) are accurate to within 6.0 + 3.6%, This automated
technique thus permits rapid and accurate measurement of ventricular volume
in all patients having diagnostic left ventriculograms.

Proposed Course of Project: Completed
Honors and Awards: None
Publications: Manuscript submitted for publication.
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Project Title: Mechanism of Action of the Inotropic Effects of Theophylline

Previous Serial Number: None

Principal Investigator: Melvin L. Marcus. M. Do

Other Investigators: C. Lynn Skelton, M. D.

Leonard E. Grauer, M. D.

Gopal Krishna, Ph. D.

Stephen E. Epstein, M. D.

Cooperating Units: Laboratory of Chemical Pharmacology

Project Description: Theophylline is thought to exert its positive inotropic

effect on the heart by increasing the intracellular levels of cyclic 3',5'-

AMP through inhibition of phosphodiesterase. To investigate this hypothesis,

the effects of theophylline on the contractile function of isolated cat

papillary muscles were studied. In isotonic experiments, theophylline (2.5 x

10"3m) caused a marked shift in the force-velocity curve upward and to the

right from control levels. In quick release experiments, the modulus of

series elasticity was unchanged by 2.4 x 10"-^M theophylline. In isometric

experiments, theophylline (2.5 x 10"° - 2.5 x 10"%) caused concentration

related increases in tension and rate of tension development that averaged

2.8 ± 0.3 gm/mm2 (P < 0.001) and 9.7 ± 1.4 gm/mm2/sec (P < 0.001) at the

peak concentration. Unlike norepinephrine and dibutyryl cyclic AMP (agents

believed to work through the cyclic AMP system), time to peak tension devel-

opment (TTP) was increased. Propranolol (1 x lO'^M) caused a shift in the

concentration-response curve to the right, and prior reserpinization decreased

the peak inotropic effect of theophylline by more than 407o. Therefore, the

inotropic effects of theophylline are partly due to a direct effect and

partly to norepinephrine release. Since theophylline lengthens TTP, its

direct inotropic effects either must not be mediated by cyclic AMP, or if

they are, then the drug must have additional effects on the contractile

mechanisms.

Further investigations have involved the effects of theophylline on the

intracellular levels of cyclic AMP in the papillary muscle. The basal level

of cyclic AMP in the papillary muscle is 1.7 ± 0.1 pcM/mgm. Theophylline

1 x 10"% increased tension in the papillary muscle by approximately 50% but

had no significant effect on the intracellular level of cyclic AMP. These

data suggest that the inotropic effects of theophylline are probably not medi-

ated by changes in the intracellular level of cyclic AMP.

Proposed Course of Project: Continuing investigation of the effects of the-

ophylline on cyclic AMP levels.
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Enzyme and Receptor Activities of Subcellular Systems Isolated

from Ischemic Rabbit Hearts

Previous Serial Number: None

Principal Investigator: George E. Lindenmayer, M. D, , Ph. D.

Other Investigator: Stephen E. Epstein, M. D,

Cooperating Units None

Project Description: The present investigation was designed to determine the

time-dependent sequence of irreversible subcellular changes in the ischemic
myocardium. Male rabbits were sacrificed by cervical dislocation (CD) and

the hearts were left in s itu for varying times. After CD, no respirations
were observed, cardiac contractions ceased within 5 minutes, and body temper-
ature dropped about 5°C in the 150 minutes after CD. Although this model
does not represent pure ischemia (since hypoxia probably predominates until
cardiac arrest), it is a simple, reproducible one which will permit us to

select subcellular systems £^r study in more physiologic models of pure ische-
mia. Preliminary results already have demonstrated that subcellular systems
differ in their sensitivity to ischemia. For example, Na"*", K+-ATPase is re-
markably stable. Activities 150 minutes after CD were 90% of values obtained
1 minute after CD. Conversely, mitochondrial preparations (isolated in KCl-
EDTA medium) showed rapid loss of respiratory control (i.e. 507o decrease with-
in 15 minutes after CD) and rates of oxygen consumption (State 3) . The sen-
sitivities of these systems to appropriate ligands will be determined (e.g.
Km's for Mg'ATP, sodium and potassium, and Ki for ouabain of Na , BC^-ATPase

preparations) . Other subcellular systems that will be examined are adenyl
cyclase, myofibrils, calcium binding by membranes and lysosomes. Eventually,
components of ischemia (e.g. hypoxia, substrate lack, etc.) will be analyzed
with respect to subcellular changes. An attempt also will be made to correlate
ischemic- induced reversible and irreversible changes in myocardial contractility
with subcellular functional aberrations.

The eventual goals we hope to achieve with this approach to the study of
myocardial ischemia are to determine the subcellular mechanisms responsible
for iiiipaired myocardial function during ischemia, and to develop techniques
whereby ischemia- induced subcellular injury, and therefore physiologic func-
tion, can be rainized.

Proposed Course of Project: Outlined in abstract; now in progress.

Honors and Awards : None

Publications: None
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Project Titel: Physiological and Biochemical Characteristics of a New Group

of Inotropic Agents: Analogues of Angiotensin II.

Previous Serial Number: None

Principal Investigator: Kenneth M. Kent, M. D., Ph. D.

Other Investigators: Theodore Goodfriend, H. D.

Theodore Cooper, M. D. , Ph. D.

Cooperating Units: Department of Pharmacology, University of Wisconsin,

Madison, Wisconsin

Project Description: Angiotensin II and several of its analogues have direct

positive inotropic effects. In the course of investigating the effects of

hypoxia on the activity of these agents we found that the inotropism of two

of the angiotensin II analogues has a unique characteristic, i.e., potenti-

ation by hypoxia. Thus, angiotensin II, des-1, val-5 produced a 507o increase
in isometric contractile force in isolated cat papillary muscles at 2 x 10"'M
and a maximum increase in contractile force of 80% at 10~"M; when the muscles
were made hypoxic by equilibrating the Kreb's solution with an oxygen concen-
tration of 57o instead of 95%, control tension decreased 32 + YL but the con-
centration-response curve for this compound shifted to the left and maximum
response increased. The 507o increase in tension occurred at 5 x 10"9m and
the maximum increase in contractile force (at 10""M) was 1907o. The responses
to angiotensin, des-1, ile-5 were also greater in hypoxic papillary muscles.
However, this compound was found to be less potent than the former.

The inotropic responses are independent of catecholamine stores since
identical responses were obtained in papillary muscles from catecholamine-
depleted muscles of chronically denervated cats. The potentiation produced
by hypoxia is also independent of extracellular (Ca-H-). Present studies are
being performed to determine the inotropic properties of these compounds when
administered to animals with an intact coronary circulation.

In assessing the biochemical properties of these polypeptides, we have
found that they bind specifically to submitochondrial phosphorylating parti-
cles (ETPjj) from beef heart. They increase the rate of phosphorylation, the
tightness of coupling (respiratory control), and resistance to "aging" con-
ditions of intact heart mitochondria. Phosphorylation rate is increased 407,

by 5 X 10~°g polypeptide/mg mitochondrial protein. Although the metabolic
responses to these polypeptides improve oxidative metabolism, it is unclear
whether this is the mechanism for their unique inotropic return in hypoxia.
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Proposed Course of Project: Continuing

Honors and Awards: None

Publications: Submitted for publication.
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Project Title: Supersensitivity of Hyperthyroid Myocardium to Decreased

Extracellular Calcium

Previous Serial Number: None

Principal Investigator: Kenneth M. Kent, M. D., Ph. D.

Other Investigators: Peter J. Dempsey, M. D.

Theodore Cooper, M. D. , Ph. D.

Cooperating Units: None

Project Description: Previous workers have demonstrated that the contractile
state of both the intact heart and isolated myocardial preparations obtained
from hyperthyroid animals is increased. However, the cellular mechanisms
responsible for the enhanced contractile state produced by thyroid hormone
remains unknown. The purpose of this study was to determine the sensitivity
of hyperthyroid myocardium to extracellular calcium concentration LCa''\J .

Two different processes presumed in part to reflect calcium transport in
myocardial cells was measured: first, developed isometric tension (T) and
rate of tension development (dT/dt); and second, the transmembrane action
potential (TAP). At 0.45 mM [ca++]e T decreased 32 + 3% in control and
51 + 57o in hyperthyroid myocardium. At 0.15 mM Lca++Jg the decrease in T
was 54 + 47o in control and 76 + 37o in hyperthyroid muscles. Although the
sensitivity of the contractile apparatus to [Ca++J of hyperthyroid myocar-
dium was thus marked, the effect of Ca"*"*" on TAP in hyperthyroid myocardium
was similar to that in normal myocardium. These findings may provide some
clue as to the mechanism of increased contractility of hyperthyroid myocar-
dium.

Proposed Course of Project: Completed

Honors and Awards : None

Publications: None
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Project Title: Control of Heart Rate in ?Iyperthyroid Cats

Previous Serial Number: None

Principal Investigator: Kenneth M. Kent, M. D., Ph. D.

Other Investigator: Theodore Cooper, M. D. , Ph. D.

Cooperating Units; None

Project Description: The heart rates of anesthetized or alert hyperthyroid

arJ.mals are increased, as are the intrinsic frequencies of contraction of

hearts isolated from such animals. However, we have found that the basal

heart rates of intact unanesthetized cats, in which the electrocardiogram was

monitored by telemetry, were not different from those of normal cats. Basal

heart rates were obtained by telemetry from the cats in the early morning

hours while the cats remained in their cages. Any disturbance of the cats

caused exaggerated increases in heart rates as compared to control animals.

However, when the hearts were removed from these hyperthyroid cats and studied

on a Langendorff apparatus isolated from neural or hormonal influences, the

inherent sinus node rates were 40-50^ higher than the rates of normal cats.

These observations can be explained by the hypothesis that the negative chrono-

tropic effect of the vagus is enhanced in hyperthyroid cats. This enhancement

could have two mechanisms. First, the frequency of vagal nerve discharge could

be increased, or second, the hyperthyroid hearts could be more sensitive to

acetylcholine (Ach), the neurotransmitter. The latter hypothesis is being

tested in isolated perfused hearts from hyperthyroid cats. Preliminary results
have shown that several cardiac actions of Ach are enhanced in hearts from

hyperthyroid cats. Thus, we have found that the direct negative inotropic ef-

fect of Ach, a muscarinic action, is enhanced in hyperthyroid myocardium, as

is the release of norepinephrine from the ventricular myocardium, a nicotinic
response to Ach. In addition, decreased conduction through the A-V node
caused by Ach occurs at lower doses of Ach in hearts from hyperthyroid cats.

Studies are in progress to determine the sensitivity of the sinus node to Ach
in hearts from hyperthyroid cats.

Proposed Course of Project: Project continuing.

Honors aind Awards : None

Publications: None
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Project Title: Effects of Hypoxia on the Cardiac Response to Inotropic

Interventions

Previous Serial Number: None

Principal Investigator: Kenneth M. Kent, M. D., Ph. D.

Other Investigators: Stephen E. Epstein, M. D.

Theodore Cooper, M. D. , Ph. D.

Cooperating Units: None

Project Description: To evaluate the effects of hypoxia on the capacity of

the heart to respond to various inotropic agents, cat papillary muscles were
made hypoxic by changing the equilibrating gas mixture from 95% to 5% oxygen;

p02 of the Krebs' solution decreased from 440 + 8 to 122 + 6 mm Hg. Baseline
contractile force decreased 32 + 37o, and the concentration-response curve of

norepinephrine (NE) was depressed. Following the maximum response to NE, de-

terioration of developed tension occurred within 10 minutes. Maximum response
to ouabain was less in hypoxia than under control conditions but no deteriora-
tion occurred after maximum response was achieved. The concentration-response
curve of angiotensin II was unchanged under hypoxic conditions.

In order to determine if a similar hypoxia induced depression in ino-
tropic activity occurred in intact hearts perfused with blood through their
coronary arteries, a dog heart -lung preparation has been developed in which
afterload and heart rate are held constant and preload is controlled by a

resistance clamp. Left ventricular pressure, dp/dt, left and right coronary
arterial flow and circuit flow are measured. Induction of hypoxia is accom-
plished by decreasing the inspired percentage of oxygen.

When arterial p02 was decreased from 100 to 20-25 mmHg (Hb saturation
407o) at a constant pH and pC02 , there was an initial transient increase in
maximum dp/dt. After return to control value, dp/dt remained stable for up
to two hours. This stable hypoxic state was associated with an approximately
four-fold increase in coronary flow. In this preparation, in contrast to cat
papillary muscles, the contractile response to NE was augmented during hypoxia,
the dose response curve shifted to the left. Furthermore, no deterioration
of the preparation occurred after the highest doses of NE employed.

Studies are in the process to evaluate both the biochemical basis of

this phenomenon and the effects of hypoxia on the response of this preparation
to other inotropic agents.
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Project Title: The Natural History of the Floppy Mitral Valve Syndrome

Previous Serial Number: None

Principal Investigator: Samuel B. Itscoitz, M. D,

Other Investigators; Stephen E. Epstein, M. D.

D. Luke Clancy, M. D.

Cooperating Units: None

Project Description: Until 1963, midsystolic clicks and late systolic murmurs

were believed to be extracardiac in origin and of no clinical importance. In

1963, however. Barlow and co-workers first introduced evidence that these sounds

were due to mitral valve disease with accompanying mitral regurgitation. This

has been documented repeatedly by other investigators, and during the past

eight years additional observations have been made. The disorder clusters in

families and is probably congenital, although the murmur is not present at

birth. It is related, in unclear fashion, to both Marfan' s and Turner's syn-

dromes. Anatomic material, when available, usually reveals a large redundant,

slightly thickened posterior mitral valve leaflet with long thin chordae ten-

dineae. Endocarditis has been reported and may result in chordae rupture in

severe mitral regurgitation. ECC abnormalities are common and suggest inferior

wall ischemia. Arrhythmias occur frequently, and sudden death has been reported.

Because of its rather recent recognition, however, the natural history of

this disorder is not well known. Since the tension exerted on chordae tendineae
is directly related not only to the intraventricular pressure but also to the
area of the mitral valve leaflets to which it is attached, (i.e. the value leaf-

lets act as an amplifier) a large redundant leaflet would cause greater than
normal tension to be exerted on the chordae. Although one might thus anticipate
that spontaneous chordal rupture would commonly complicate this abnormality,
there is only one such case report in the literature at the present time.

In the past two years, two patients have been seen on the Cardiology ward
who required mitral valve replacement for severe mitral regurgitation secondary
to ruptured chordae tendineae. The ruptured chordae had attached to a billow-
ing, redundant, floppy posterior mitral valve leaflet. Of interest, the typi-
cal auscultatory features of the floppy valve were not present in either of
these patients; presumably the mechanism of regurgitation was no longer re-
lated to the floppy valve per se, but rather to the ruptured chordae. These
additional cases provide further evidence that this complication may constitute
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a part of the natural history of this entity.

Proposed Course of Project: Completed

Honors and Awards : None

Publications: In preparation

a
'

ti

I

^

•KMtwMUHMHfSH



Serial No. NHLI-19(c)
1. Cardiology
2. Clinical Physiology

3. Bethesda, Md. \

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Disseminated Intravascular Coagulation (DIVC) Complicating

Severe Congestive Heart Failure (CHF)

Previous Serial Number: None

Principal Investigator: Samuel B. Itscoitz, M. D.

Other Investigators: Stephen E. Epstein, M. D.

Cooperating Units: None

Project Description: The syndrome of DIVC, an uncommon complication of a

wide variety of disease states, has received increasing attention in the

past 5-10 years. It is now commonly accepted that conditions in which

thromboplastic substances gain access to the circulation (i.e., amniotic

fluid embolism) or conditions in which regional blood flow is stagnant (i.e.,

shock of any origin) provide the milieu in which DIVC may occur. Nonetheless,

reports of DIVC complicating severe CHF are very rare.

Despite its supposed rarity, in the past three years ten patients on the

Cardiology ward have had relatively well documented episodes of DIVC. All

patients were in severe congestive heart failure, usually biventricular in

origin. The etiology of their heart disease was variable, including rheumat-

ic heart disease, myocardiopathy, healed endocarditis, and idiopathic chordae

tendineae rupture. Diagnosis of DIVC syndrome was based on the following

laboratory studies: platelet count, presence of circulating fibrinogen degra-

dation products, prothrombin time, thrombin time, partial thromboplastin time,

factor V level, factor VIII level, and bleeding time.

Severity of the DIVC was quite variable, ranging from severe thrombocyto-
penia in one patient (who was found to have 70 gm. of fresh thrombus in the

left atrium at operation) to mild transient thrombocytopenia in another.
Clinical deterioration accompanied the DIVC episode in some, but not all,

patients. Response to heparin, when administered, was variable. Evidence
strongly suggestive of pulmonary embolic disease was commonly noted. One

patient has been lost to followup. Of the seven known survivors, variable
degrees of cardiac disability persist ranging from functional Class II to

functional Class IV.

Proposed Course of Project: Completed

Honors and Awards : None

Publications: In preparation.
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Serial No. NHTJ-20 (c)
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: A Radioisotope Imaging Technique for the Identification of

Myocardial Scar

Previous Serial Number: None

Principal Investigator: Robert E. Goldstein, M„ D.

Other Investigators: Douglas R. Rosing, M. D.

Gerald Schall, M. D.

Steven Larson, M. D.

Stephen E. Epstein, M. D.

Cooperating Units: Department of Nuclear Medicine
Clinical Center, N.I.H.

Project Description: The recent advent of direct surgical approaches to

ischemic heart disease, utilizing either myocardial revascularization or

resection of noncontracting portions of the ventricular wall, has made the
distinction of viable contractile tissue from scar of crucial importance.
At present, scarred regions of ventricular myocardium are identified as

areas of abnormal wall motion on ventriculography. This technique, however,
is indirect and insensitive. At the time of surgery the heart may be
examined visually and surface electrograms obtained. But, aside from the
necessity of thoracotomy, these methods also require that the epicardial
layers are representative of the entire ventricular wall. Thus, a safe,

sensitive radioisotope technique which would allow detailed mapping of living
myocardial tissue in man without necessitating thoracotomy would be an impor-
tant contribution to preoperative evaluation. The use of rubidium-84 in com-
bination with the Auger positron camera configuration may represent such a

technique.

Rubidium (Rb) is an alkali metal whose chemical and biological behavior
closely mimics that of potassium. When administered intravenously Rb accumu-
lates rapidly in heart and skeletal muscle (and other organs) so that it is

almost entirely removed from the blood stream within two minutes. This prop-

erty has been utilized to measure coronary flow in man. After intravenous or

intracoronary administration of the positron-emitting isotope Rb-84, a coin-

cidence counting scintillation camera is used to identify those areas of the

myocardium which fail to take up Rb-84 due to replacement of muscle tissue by

scar. This technique has reportedly been successful in localizing areas of

infarction in dogs. Coincidence counting should provide a high resolution
image, theoretically resolving 0.5 cm points apart. Positron emission also

allows "focusing" of the camera so that its tomographic "cuts" of the chest

can be obtained. Thus, a three-dimensional array of radioactivity can be
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mapped and "focused" further, using a digital computer. Preliminary studies
with open-chest dog preparations have demonstrated the ability of Rb-84 to

delineate the myocardium even on intravenous injection. Intravenous adminis-
tration of Rb-84 in two patients, however, failed to permit adequate imaging
of the myocardium. We currently plan to determine whether intracoronary ad-
ministration will result in sufficient myocardial concentration to result in
a satisfactory scan. We also plan to evaluate the imaging properties of
potassium-A3, an isotope reported to be useful as a myocardial scanning agent.

Proposed Course of Project: Project continuing.

Honors and Awards : None

Publications: None
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Serial No. NHLI-21
1, Cardiology
2, Clinical Physiology

3o Bethesda, Md„

Project Title;

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Correlation of Antiarrhythmic Effects of Diphenylhydantoin
with Digoxin-induced Changes in Contractility, Na-K ATPase
and K+ Efflux

Previous Serial Number: None

Principal Investigator: Robert E„ Goldstein, M.D,

Other Investigators: S, C„ Penzotti, M.D,
Karen S„ Kuehl, M.D.
Kirk Ho Prindle, M.D,
Clifford A, Hall, M,D.
Elwood 0„ Titus, M.D.
Stephen E. Epstein, M.D.

Cooperating Units: Laboratory of Chemical Pharmacology, NHLI

Project Description: To clarify the suppressant action of diphenylhydantoin
on digitalis -induced arrhythmias we studied the effects of diphenylhydantoin
and digoxin, alone and in combination, on contractile force, Na-K ATPase
activity and K^ efflux in Krebs-Ringer perfused dog hearts. Neither control
perfusion nor diphenylhydantoin alone (3 x 10~%) altered Na-K ATPase or
produced K^ efflux, Diphenylhydantoin alone depressed contractile force an
average of 29% at 15 min. Digoxin alone (10"%) in 7 dogs caused a 59%
rise in contractile force at onset of arrhythmia (toxicity) (avg. 15.9 min of
perfusion + 0,7 SE) along with net ¥^ efflux of 50 + 12 pM/min and decrease
in Na-K ATPase from 13.8 to 5.2 |jM Phos/mg protein/hr. (P < 0.001). Per-
fusion with diphenylhydantoin and digoxin combined (5 dogs) delayed toxicity
to 28,9 +2,8 min, at which time contractile force was higher, 917, above
control (P < 0.05), K*" efflux tended to be greater (87 + 20 uM/min) and Na-K
ATPase was lower (2,5, P < 0,05) than with digoxin alone. Combined diphenyl-
hydantoin-digoxin perfusion lasting only until the time toxicity appeared
with digoxin alone (7 dogs), however, yielded higher Na-K ATPase (7.7, P

"^

0.02) compared with digoxin alone; K*" efflux was unchanged and contractile
force decreased (26% above control, P < 0.05). Thus diphenylhydantoin
appears to diminish the rate at which digoxin inhibits Na-K ATPase. Neverthe-
less, diphenylhydantoin ultimately permits digoxin to produce greater inhi-
bition of Na-K ATPase, greater increase in contractile force, and a tendency
toward greater K* efflux than possible without diphenylhydantoin. This sug-
gests that the antiarrhythmic effects of diphenylhydantoin cannot be attri-
buted to prevention of inhibition of Na-K ATPase or to diminution of K*"
efflux, two changes characteristically accompanying digoxin administration.
Proposed Course of Project: Completed
Honors and Awards: None
Publications: Manuscript in preparation
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Serial No. NHLI-22
1. Cardiology
2. Clinical Physiology

3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Hemodynamic Changes During Exertional Syncope in

Dogs with Pulmonary Artery Constriction

Previous Serial Number: None

Principal Investigator: Robert E. Goldstein, M„ D.

Other Investigators: Al«n Nimetz, M. D.

Joseph Pierce, D. V. M.

Stephen E. Epstein, M. D.

Cooperating Units; None

Project Description: Individuals with severe obstruction to outflow of

either the right or left ventricles may experience syncope during or immedi-

ately after strenuous exercise. In order to clarify the hemodynamic basis

for this phenomenon, several circulatory indices were measured while dogs

with pulmonary artery constriction exercised to the point of syncope. Pul-
monary constriction was achieved by the inflation of a Jacobsen balloon cuff

previously sewn around the pulmonary artery. During the course of treadmill
exercise, continuous recordings were made of systemic arterial, right ventric-
ular, and distal pulmonary artery pressures and the electrocardiogram. In
several animals aortic blood flow was measured by a circumferential electro-
magnetic flowmeter cuff. Preliminary results showed that syncope was almost
always accompanied by rapidly progressive arterial hypotension rather than by
arrhythmia. Decline in cardiac output generally accompanied the fall in
blood pressure, suggesting that inadequacy of cardiac output rather than sud-
den vasodilatation was responsible for the decline in blood pressure which
led to circulatory collapse. Further experimental studies will be performed
in animals with implanted flowmeters in order to substantiate these prelimi-
nary findings.

Proposed Course of Project: Continuing

Honors and Awards : None

Publications

:

None
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Serial No. NHLI-23
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Comparison of Simultaneously Determined Inotropic and Chrono-
tropic Effects of Practolol and Propranolol

Previous Serial Number: None

Principal Investigator: Robert E. Goldstein, M.D,

Other Investigators:

Cooperating Units;

Clifford A. Hall, M,D,
Stephen E, Epstein, M.D.

None

Project Description: Recent reports have differed concerning the relative
negative inotropic effects of the P-blockers practolol and propranolol. To
resolve these conflicting findings, simultaneous changes in contractile force
and heart rate were measured when increasing doses of either propranolol or
practolol were given to dogs receiving infusions of isoproterenol. Infusion
was adjusted initially to produce a mean heart rate of 155; blood pressure was
held constant. Contractile force was measured by a right ventricular strain
gauge arch. When drug dosages producing equal decreases in heart rate were
compared, the associated decrement in contractile force was not significantly
different; for example, when heart rate decreased 15%, contractile force was
lowered 37% with practolol and 41% with propranolol (NS) . Thus, a given re-
duction in heart rate was accompanied by the same negative inotropic response
with both drugs. Effective P-blocking doses of propranolol (up to 1 mg/Kg)
given after 3-blockade had been produced by large doses of practolol caused
no further depression in contractile force. These findings suggest that
depression by propranolol in doses less than 1 mg/Kg is largely related to

P-blockade; primary depressant effects were seen only with doses above 1 mg/
Kg, Practolol after large doses of propranolol, however, increased contrac-
tile force and heart rate: at 2-5 mg/Kg contractile force increased 33%, and
hefirt rate 6%. Thus practolol may exert a modest positive inotropic effect
detectable after full P-blockade or possibly when p-receptor stimulation is

minimal. Nevertheless, such an effect is inapparent if P-receptor stimula-
tion is substantial, which is often the case when P-blockade is employed
clinically. Thus, practolol as used therapeutically, does not appear to act
on heart rate more selectively than propranolol.

Proposed Course of Project: Continuing

Honors and Awardsj.None

Publications: None
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Serial No, NHLI-24(c)
1. Cardiology
2. Clinical Physiology

3. Bethesda, Md.

1

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Effects of Chronic Heart Failure on the Capacity of Glucagon

to Enhance Contractility and Adenyl Cyclase Activity of

Human Papillary Muscles

Previous Serial Number: None

Principal Investigator: Robert E, Goldstein, M.D,

Other Investigators: C„ Lynn Skelton, M.D,

Gerald S„ Levey, M.D.

D„ Luke Clancy, M.D.

Go David Beiser, M.D,
Stephen E. Epstein, M.D.

Cooperating Units: None

Project Description: Glucagon exerts a positive inotropic effect in normal

hearts but is ineffective in animals with chronic cardiac failure. To

assess directly the influence of glucagon on human myocardium, we measured

contractility and activation of adenyl cyclase, the enzyme thought to

mediate the inotropic action ot glucagon, in left ventricular papillary

muscles obtained from 12 patients at mitral valve replacement. On the basis

of preoperative ventricular end-diastolic pressures and cardiac output

(independent of papillary muscle data) patients were classified in 3 groups:

normal, with cardiac failure, or indeterminate. Concentration-response
curves showed that glucagon caused a mean 11% rise in peak papillary muscle
tension and 127, rise in peak rate of tension development in the normal
patients; myocardial adenyl cyclase activity from each patient rose after
glucagon (average = 87,). In the papillary muscles of the patients with
cardiac failure, glucagon produced no augmentation in either tension or

adenyl cyclase activity. In contrast, contractility and adenyl cyclase
activity increased after norepinephrine in both normal patients and those
with cardiac failure. The indeterminate group had two patients whose
papillary muscles responded to glucagon and two whose papillary muscles did
not respond. Thus, direct study of human papillary muscles shows that
chronic cardiac failure is uniformly associated with a complete loss of the
normal enhancement of contractility and associated activation of adenyl
cyclase after glucagon, perhaps explaining the inefficacy of this drug in
treating patients with chronic cardiac failure.

Proposed Course: Completed

Honors and Awards: None

Publications: Manuscript submitted for publication.
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Serial No„ NHLI-25
1, Cardiology
2. Clinical Physiology

3o Bethesda, Md,

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Comparison of the Inotropic and Chronotropic Activity of

Glucagon and Isoproterenol in the Intact Canine Heart

Previous Serial Number: None

Principal Investigator: Robert E. Goldstein, M„D„

Other Investigators;

Cooperating Units:

David R„ Redwood, M,D.
G, David Beiser, M„D„
Alan Nimetz, M.D,
Joseph Pierce, D.V„M.
Stephen E. Epstein, M,D„

Division of Research Resources, Bureau of Health
Professions Education & Manpower Training
Laboratory of Kidney and Electrolyte Metabolism,
National Heart and Lung Institute

Project Description: Although glucagon and isoproterenol are both known to

be powerful inotropic agents, the relative potency of these two drugs has
not been systematically assessed. We therefore compared the cardiac effects
of glucagon and isoproterenol in each of 10 dogs. Using a strain gauge sewn
to the right ventricle, dose-response curves were obtained for each drug
while arterial pressure was held constant. Cardiac output was measured at
the peak dose (maximal strain gauge deflection) of each drug. Results were
similar whether glucagon was infused continuously or given as a bolus. Peak
doses of both glucagon and isoproterenol increased strain gauge deflection
from a mean of 15 to 36 mm (paired comparison of strain gauge deflections at
peak glucagon and isoproterenol showed a mean difference of 0.24_'f2,0 mm SE) ,

Heart rate at peak dose averaged 217 beats/min for glucagon and 195 beats/min
for isoproterenol (P < .005). Cardiac output averaged 4.9 L/min during peak
glucagon and 6.6 during peak isoproterenol (P < ,05). In conclusion, direct
comparison of glucagon and isoproterenol in the normal canine heart showed
the maximal inotropic effect of glucagon to be indistinguishable from that of
isoproterenol. In contrast to previous impressions, peak doses of glucagon
produced marked tachycardia, exceeding that of peak isoproterenol when pres-
sure was held constant. Under these same circumstances peak glucagon also
increased cardiac output considerably, although less than peak isoproterenol.
Studies in three dogs with chronic congestive heart failure due to pulmonary
artery constriction showed a marked reduction in glucagon responsiveness con-
sistent with diminished glucagon responsiveness observed in chronically fail-
ing myocardium of cat and man.
Proposed Course of Project: Completed
Honors and Awards: None
Publications: None
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Serial No. NHTJ-26(c)
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The Dj-^namic Nature of Left Ventricular Outflow Obstruction
in Idiopathic Hypertrophic Subaortic Stenosis

Previous Serial Number: None

Principal Investigator: D. Luke Clancy, M. D.

Other Investigators: Richard L. Shepherd, M. D.

G. David Beiser, M. D.

Stephen E. Epstein, M. D.

Cooperating Units: None

Project Description: Left ventricular outflow obstruction in idiopathic hy-
pertrophic subaortic stenosis (IHSS) is caused by midsystolic apposition of

the disproportionately hypertrophied cephalad portion of the ventricular sep-
tum with the free margin of the anterior mitral valvular leaflet, and the

degree of obstruction is variable. Unusual findings during hemodynamic
studies in three patients support the hypothesis that the degree of obstruc-
tion in this condition is determined by three factors: the force of ventric-
ular contraction, ventricular volume, and ventricular afterload. In one

patient spontaneous atrioventricular dissociation resulted in spontaneous
changes in left ventricular end-diastolic pressure, and presumably in end-

diastolic volume. With increases in end-diastolic pressure and volume the

degree of left ventricular outflow obstruction decreased, whereas with de-

creases in end-diastolic pressure and volume the degree of obstruction in-

creased. During left ventricular pulsus alternans in this same patient, the

more forceful ventricular contractions resulted in an increase in the degree
of obstruction, and peak pressure in the systemic arteries did not alternate.

In the second patient PVC responses, which initially were typical of

IHSS, transiently became normal following the injection of angiographic con-

trast material, suggesting that an increase in ventricular volume and depres-
sion of myocardial contractility temporarily relieved the left ventricular
outflow obstruction. In the third patient a spontaneous increase in systemic
arterial pressure, and thus in left ventricular afterload, completely abolished

a 100 mm Kg subaortic systolic gradient.

Proposed Course of Project: Completed.

Honors and Awards: None

Publications: Submitted for publication.



Serial No. NHLI-27
1. Cardiology
2. Clinical Physiology
3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Dissociation of Cardiac Inotropic and Membrane Effects of
Ouabain

Previous Serial Number: NHLI - 21

Principal Investigator: Peter J. Dempsey, M. D,

Other Investigators:

Cooperating Units;

Kenneth M. Kent, M. D. , Ph. D.

Theodore Cooper, M. D. , Ph. D.

None

Project Description: Ouabain causes negative inotropic responses in cat
papillary muscles when the external calcium concentration,

[.'-'^''"^Je'
^^ 0.45

mM or lower. This negative inotropism occurs with shortening of phase 2 of
the transmembrane action potential (TAP), the latter being the characteristic
response to ouabain.

Further studies have shown that the negative inotropism was dose depend-
ent. Ouabain 4 x 10"^M at [Ca++Jg = 0.15 mM produced at 12 + 1% decrease in
isometric contractile force whereas ouabain 3 x lO'^M caused a 41 + 6% de-
crease. Norepinephrine, isoproterenol, and angiotensin II produced their
usual inotropic responses independent of the [^a++Jg.

When ouabain was added to cat papillary muscles at L^a J lower than
0.45 mM, there was an initial lengthening of phase 2 of the TAP. This was a

transient response for as the negative inotropic response to ouabain became
established, phase 2 shortened in the characteristic manner for ouabain.

A possible explanation for these events is a ouabain-induced loss of Ca"*"^

"rrom the cell into the perfusing solution which has a low [S'Si^^ . This loss
of Ga""" would explain the lengthening of the TAP and the negative inotropic
response.

Proposed Course of Project: Completed

Honors and Awards : None
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Publications

;

ARTICLE PUBLISHED IN PERIODICAL:

Dempsey, P.J. , McCallum, Z.T. , Kent, K.M. , and Coopei; T,: Dissociation of

cardiac inotropic and membrane effects of ouabain. J. Pharm. Exp. Therap.
176: 78 , 1971.
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3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Calcium Ion Movement in Skeletal Muscle

Previous Serial Number: None

Principal Investigator: Chester E. Clark, M. D.

Other Investigators: None

Cooperating Units: None

Project Description: Current theory regarding excitation-contraction cou-

pling in cardiac and skeletal muscle centers around the concept that calcium,

released by the sarcoplasmic reticulum (SR) following electrical depolariza-

tion, diffuses from SR to a receptor located on the actin filament. Then,

through a series of as yet unknown transformations, Ca is believed, in this

location, to cause the interaction of actin and myosin filaments, thereby

initiating muscle shortening. Implicit in this hypothesis is the assumption

that the rate of diffusion of Ca is sufficient to account for the rapid se-

quences of contraction and relaxation characteristic of cardiac and skeletal

muscle. However, the only data relating to the rate of calcium ion movement

in muscle cytoplasm indicate that mobility is at least 50 to 100 times slower

than in water, a rate probably too slow to be compatible with the above hypoth-

esis. If the slow rate measured in muscle cytoplasm can be attributed to up-

take by the SR, then faster rates would be expected in muscle subcompartments

where SR envelops the contractile apparatus and is structured to produce min-
imal interference with calcium mobility. It would also be expected that

electrical depolarization would minimize calcium uptake by SR.

In order to ascertain if the intracellular movement of calcium between
subcellular compartments is rapid enough to control contraction of striated
muscle, an analogue circuit for the solution of diffusion problems was con-
structed. Using the known binding constants for SR it was found that uptake
of calcium by SR could not account for the slow movements of calcium intra-
cellularly. This finding thus raises the possibility that the classical hy-
pothesis for excitation-contraction coupling may be in error.

To confirm this finding experimentally in living tissue, individual
myofibrils were isolated by homogenation and centrifugation, and the measure- _

ments of the delay in onset of contraction after exposure to calcium was at- fl

tempted by measuring alterations in optical density. This technique was em-
ployed since it has been reported that optical density changes in parallel to
the degree of myofibrillar contraction. However, no correlation was discovered
between myofibrillar contraction and optical density, a finding calling into

1 ci
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question many studies published in the literature based on such methodology.

Two other approaches of measuring Ca diffusion rates in vivo are being
developed. First, we are in the process of developing techniques to isolate
single muscle fibers from the frog semitendinosus muscle. The fiber will be
cut across one end and exposed to calcium^^. After varying periods of time
the muscle will be sliced and the distribution of calcium^^ determined. From
this data a diffusion rate can be calculated.

Finally, we are trying to utilize high speed photomicrography to detect
the delay of myofibrillar contraction after exposure to calcium.

Proposed Course of Project: Project continuing.

Honors and Awards : None

Publications: None
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Serial No. NHLI-29
1„ Cardiology
2, Clinical Physiology
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The Treatment of Ventricular Arrhythmias Occurring During

Acute Coronary Artery Occlusion in Conscious Dogs:

Efficacy of Atropine and Lidocaine

Previous Serial Number: None

Principal Investigator: G. David Beiser, MoD,

Other Investigators: Douglas R. Rosing, M„D„
Richard B. Karsh, M„D.
James Talano, M.D„
Martin Miller
James Bailey, M„Do
Stephen E. Epstein, M.D.

Cooperating Units: Division of Computer Research and Technology
(Computer Systems Laboratory and Laboratory of

Applied Studies)

Project Description: Ventricular arrhythmias associated with acute myo-
cardial infarction may seriously compromise cardiac output or result in a

fatal episode of ventricular fibrillation or cardiac standstill. In order

to evaluate the treatment of such arrhythmias, we studied 40 closed-chest
conscious dogs in which acute myocardial ischemia was produced by inflating
a balloon cuff previously implanted around the left anterior descending
coronary artery just distal to its first diagonal branch. Of the 40 dogs,

15 developed frequent and persistent ventricular ectopic beats and/or
episodes of ventricular tachycardia within the first one or two hours of

occlusion. In 5 dogs the arrhythmia progressed rapidly to ventricular fibril

lation and death. In the remaining 10 dogs increasing the heart rate with
the intravenous administration of atropine markedly decreased or completely
abolished the arrhythmia. However, in some of the dogs it was necessary to

increase the heart rate to as high as 140 - 160/min to suppress the

arrhythmia. The intravenous administration of lidocaine in a dose of

2 mg/kg either decreased the number of premature beats or abolished the

arrhythmia completely. In three dogs the administration of atropine to a

heart rate of 120/min, or lidocaine at a dose of 2 mg/Kg, were only
partially effective in the treatment of the arrhythmia. However, the combina-
tion of these two drugs eliminated all ectopic activity.

Proposed Course of Project: Additional dogs will be studied to further define

the efficacy of atropine and xylocaine, alone and in combination, in the

treatment of arrhythmias associated with acute experimental myocardial in-

f«rc;tion„
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Honors and Awards: None

Publications: None
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Serial No. ^rHT .T-.^n/r)

1. Cardiology

2. Clinical Physiology

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The Effects of Operative Correction of Congenital Heart

Disease on the Functional Capacity of the Heart

Previous Serial Number: NHLI-34(c)

Principal Investigator: G. David Beiser, M. D.

Other Investigators: Stephen E. Epstein, M. D.

Robert E. Goldstein, M. D.

Douglas R. Rosing, M. D.

David R. Redwood, M. D.

Andrew G. Morrow, M. D.

Cooperating Units: Clinic of Surgery, NHLI

Project Description: In the past decade great strides have been made in the

operative treatment of patients with congenital heart disease. However,

progress in the methods used to evaluate the functional results of such op-

erations have lagged far behind. Thus, while we know that many patients with

severe cyanotic congenital heart disease experience marked symptomatic im-

provement after operative correction, we have little information as to whether

the functional capacity of the heart is completely normal. We also have no

information relating to the effects on cardiac function of a ventriculotomy or

of the insertion of a patch in the right ventricular outflow tract. With the

recent development in this laboratory of a sensitive technique to evaluate

the maximal pumping capacity of the heart, a study was undertaken with the

purpose of answering these questions. In brief, the cardiac output, oxygen
uptake, and right ventricular and pulmonary arterial pressures were determined
during maximal treadmill exercise in patients in whom an atrial septal defect

or tetralogy of Fallot had been repaired six months to three years previously.

Seven of eleven asymptomatic patients with closed atrial septal defects |
had a significant impairment in their cardiac output response to exercise. In
addition, one of three patients who had pulmonary arterial hypertension pre-
operatively developed abnormally high pulmonary pressures during intense exer-
cise. Of the ten patients with correction of tetralogy of Fallot who have
been studied, eight showed a small but definite impairment in the pumping ca-
pacity of the heart; two had a normal cardiac output at intense exercise. Al-
though it might have been expected that patients with tetralogy of Fallot
would have a reduced capacity of the pulmonary vascular bed and thus develop
pulmonary hypertension during maximal exercise, none of the ten patients devel-
oped abnormal pulmonary arterial pressures.
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However, right ventricular systolic pressure, measured in six patients,
increased in four from normal or minimally-elevated levels at rest to greater
than 85 mmHg during intense exercise. This elevation was due to increases in
right ventricular outflow gradients ranging from 50 to 6 5 mmHg. Finally, the
presence of significant pulmonic regurgitation in five patients with corrected
tetralogy of Fallot did not appear to compromise their cardiac performance
relative to the other patients.

Proposed Course of Project: Completed

Honors and Awards: None

Publications : Manuscript in preparation.
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July 1, 1970 through June 30, 1971

Project Title: Ventricular Tachycardia Following Release of Coronary
Artery Occlusion in Conscious Dogs and the Antiarrhythmic
Effects of Atropine

Previous Serial Number: None

Principal Investigator: G. David Beiser, M.D„

Other Investigators: Douglas R. Rosing, M.D.
Richard B. Karsh, M.D.
James Talano, M.D.
Stephen E. Epstein, M.D.

Cooperating Units: None

Project Description: Arrhythmias occurring in the acute stages of myocardial
infarction generally have been attributed to persistent myocardial ischemia
secondary to coronary artery occlusion. To evaluate the mechanisms and
treatment of such arrhythmias, we studied 40 closed-chest conscious dogs
in which acute myocardial ischemia was produced by inflating a balloon cuff
previously implanted around the left anterior descending coronary artery
just distal to its first diagonal branch. Of the 40 dogs, 18 did not
develop arrhythmias during the first hour of occlusion. In 11 of these 18,
however, sudden release of occlusion was followed 15 seconds to 3 minutes
later by ventricular arrhythmias which progressed rapidly to ventricular
tachycardia. In all 11 dogs reocclusion of the coronary artery abolished
the ventricular tachycardia within 30 seconds with a return to the sinus
mechanism. Reocclusion for 10 to 15 minutes followed by successive periods
of release and reocclusion consistently reproduced this phenomena. In 5 of

6 dogs atrial pacing at rates of 105 to 130 beats per minute was successful
in over-riding re lease -induced ventricular tachycardia or preventing its
appearance. Likewise, the administration of atropine in 10 dogs just prior
to release of occlusion in doses that increased heart rate from an average
of 76 + 6 (standard error of the mean) to 112 + 3 beats per minute prevented
ventricular tachycardia in all dogs.

Release arrhythmias were also studied in an additional group of 5 dogs
in which transient ventricular arrhythmias occurred during the first hour
of occlusion. Release of occlusion in these animals resulted in very
malignant appearing ventricular tachycardias which on the first or subse-
quent releases progressed rapidly to ventricular fibrillation in 3 dogs
despite therapeutic attempts.
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These results indicate that 1) sudden reperfusion of a previously
ischemic region of myocardium, as may occur in man by lysis or dislodgment
of a clot, may be responsible for some of the serious arrhythmias seen in

acute myocardial infarction which result in sudden death; 2) increasing the

heart rate by the administration of atropine may be successful in the pre-
vention of many but not all of these arrhythmias.

Proposed Course of Project: To further define the character of these
arrhythmias in relation to the onset of

occlusion and to study the effects of other
therapeutic agents in preventing their
appearance with release of occlusion.

Honors and Awards: None

Publications: None
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Project Title: Mechanical behavior of large coronary arteries.

Previous Serial NuTiber: NHLI-47

Principal Investigator: Dali J. Patel, M.D., Ph.D.

Other Investigators: Thomas E. Carew, Ph.D.

Project Description:
Objective: To study 1) the rheology and 2) the effect of increased stress

on the protein permeability of the endothelial surface of the left cir-

cuTiflex coronary artery (LCCA) and the anterior descending coronary
artery (ADCA) .

Methods Employed: 1) The study evaluating the static elastic properties
of LCCA has been completed (see publication) . 2) Left coronary artery
was perfused in situ at various perfusion pressures and flows with
o.cygenated blood containing known amounts of Evans blue dye for approxi-
mately 1 hour. At the end of the experiment the endothelial surface of

both LCCA and ADCA was exposed and examined under a ref lectoraeter for

blue staining. The permeability of the endothelium to albumin was
evaluated by quantifying the blue staining of the endothelial surface.
The amount of dye bound albumin that had entered the surface was corre-
lated with the shearing stress as well as the pressure to which the
artery was subjected during the perfusion experiment.

Major Findings: The data was grouped into 4 groups: 1) High shearing
stress (average value 30 dynes/cm ) and high pressure (average value
170 cm H2O) ; 2) high shearing stress and low pressure; 3) low shearing
stress and high pressure and 4) low shearing stress and low pressure.
Preliminary results suggest that high shearing stress led to a greater
dye concentration in the intima than did high pressure.

Significance to Bio-medical Research and the Program of the Institute:
Although the importance of hydrodynamic and rheologic factors in early
vessel damage has been recognized, its role has not been critically
evaluated in the coronary vascular bed to date. The present studies
are designed toward better understanding of the role of mechanical
stress in producing vascular diseases.

Proposed Course of the Project: 1) Studies to evaluate the dynamic vis-
co-elastic properties of the LCCA are in progress. 2) Studies are in
progress a) to delineate the role of shearing stress vs normal stress in
increasing the permeability of the endothelial surface, and b) to
define the critical stress at which the endothelium deteriorates.

Honors and Awards: None.
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Publications:

Patel, D.J., and Janicki, J.S.: Static elastic properties of the left

coronary circumflex artery and the common carotid artery in dogs.

Circulation Res. 2J_: 149-158, 1970.
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Project Title: Blood velocity profiles and wall shear in the aorta and its

major branches.

Previous Serial Number: NHLI-48

Principal Investigator: Dali J. Patel, M.D., Ph.D.

Other Investigators: Donald L. Fry, M.D.

Joseph S. Janicki, M.S.

S. C. Ling, Ph.D.

H. Bulent Atabek, Ph.D.

Cooperating Units: The Department of Space Science and Applied Physics,

The Catholic University of America

Project Description:
Objective: To measure and quantify 1) the blood velocity fields, 2)

turbulence, and 3) the interfacial shearing stress on the endothelial

surface along the major arteries of dogs through the cardiac cycle

under various conditions.

Methods Employed: A constant-temperature heated film anemometer system

has been adapted for direct measurement of in vivo aortic velocity
fields. Although the method is promising all technical problems are

not yet resolved and effort in the past year was directed towards these.

Also progress is made towards automatic data processing without which
considerable time would be spent in plotting velocity fields from se-

quentially obtained velocity curves within the cross-section of the

aorta.
Major Findings: Preliminary results indicate that velocity profiles along

the descending thoracic aorta are essentially blunt; slight skewing
is observed which may be due to flow being diverted to intercostal
arteries.

Significance to Bio-medical Research and the Program of the Institute:

The method provides a powerful tool in quantitative investigations of

the vascular system. It will help assess the role of hydrodynamic
factors in potentiating the development of atheroma in the major arter-
ies.

Proposed Course of the Project: A numerical technique has been developed
and verified in models at Catholic University to compute velocity pro-

files and wall shearing stress from measurement of pressure, pressure
gradient and radius in a straight segment of a tube. Attempts will be

made to test this indirect but easier method vs direct measurements of

wall stress and velocity profiles in a dog.
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Honors and Awards; None.

Publicati£)ns; None.
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Serial No. NHLI-34
1. Cardiology Branch
2. Section on Clinical Biophysics

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30;, 1971

Project Title: Vascular mechanics: arterial wall properties

Previous Serial Number: NHLI-49

Principal Investigator: Dali J. Patel, M.D., Ph.D.

Other Investigators: Joseph S. Janicki, M.S., R. N. Vaishnav, Ph.D.

Cooperating Unit?: Department of Civil and Mechanical Engineering, The

Catholic University of America, Washington, D. C

Project Description:
Objective: To study the nonlinear, visco-elastic properties of the blood

vessel under physiologic conditions with special emphasis on measurement

of "strain energy density."
Methods Employed: A segment of the middle descending thoracic aorta was

studied in dogs. The pressure-radius-longitudinal force relationship was

studied (using specially designed transducers) by connecting the segment

to a reservoir filled with oxygenated blood and adjusting the height of

the reservoir to cover the physiologic range of pressure. In addition,

a flow pump was connected to this assembly to superimpose sinusoidal
pressures at various frequencies on the segment to study its dynamic
properties. From these data it was possible to compute 1) the values of

elastic constants to describe the non-linear behavior of the vessel wall
and 2) the incremental visco-elastic constants in the three principal
directions (radial, circumferential and longitudinal)

.

Major Findings: 1) Previous studies in the laboratory have shown that the
blood vessel wall is essentially incompressible and demonstrates aniso-
tropic behavior with a certain elastic symmetry. 2) The values of in-
cremental visco-elastic coefficients in the three principal directions
increased with frequency. 3) The values of the elastic part of these
coefficients (real part of the complex coefficient) were much greater
than their viscous counterpart. 4) The nonlinear elastic behavior of
the vessel wall could be described adequately in the physiologic range
of pressures by 7 constants. From these data it was possible to predict
the values of incremental elastic constants as well as strain energy
density at any desired value of pressure. This latter finding was ex-
tremely useful for precise comparison of data among different animals.

Significance to Bio-medical research and the Program of the Institute:
Detailed experimental studies like this are essential for building a
mathematical theory to describe the vascular system which in turn would
complement our Section's program on experimental atherosclerosis. The
reasons for this are twofold: 1) The dynamic behavior of the vascular
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system depends critically upon the physical properties of the vessel
wall and its tethering mechanism. These properties had not been ade-

quately quantified prior to these studies. 2) Recent studies in our

laboratory have indicated that an increased strain energy density in

the vessel wall may act as a driving force to increase the flux of lipo-

proteins across the vessel wall. Thus, it becomes important to esta-
blish the nature and magnitudes of the vessel wall elastic moduli so

that the strain energy density of the wall can be calculated and com-

pared to the distribution of early experimental atheroma-
Proposed Course of the Project: The studies will be continued 1) to in-

clude j^ vivo dynamic anisotropic properties of the blood vessel wall;
and 2) to provide an experimental basis for a nonlinear visco-elastic
theory of the blood vessel wall.

Honors and Awards : None

Publications:

Patel, D.J., and Vaishnav, R.N. : Rheology of large blood vessels

»

Cardiovascular Fluid Dynamics . Academic Press, Inco Londouo In press.
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July I, 1970 through June 30, 1971

Project Title: In vitro studies of the influence of mechanical factors on

transvascular albumin flux.

Previous Serial Numbers: None

Principal Investigator: Donald L. Fry, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:
Objective: To study the effect of various mechanical factors on the flux

of albumin across the vascular interface.

Methods Employed: Freshly removed canine aortic tissue was placed in a

specially designed device (described in previous reports) such that the

interface could be exposed to varying predetermined degrees of stretch

and trnasmural pressure, while being covered with autologous serum con-

taining Evans blue tagged albumin. Intact endothelial surfaces, as well

as surfaces that had been denuded by gentle stroking with a camel's hair

brush were studied.

Major Findings: It was found that the flux of albumin across the vascular

interface was increased by stretching the surface. In contrast to this

transmural pressure drops up to 280 cm of water pressure caused no

change in the flux across the surface, either in the intact preparation

or in that in which the endothelial cell surface had been removed. The

removal of endothelial cells increases the permeability of the vascular
interface by at least 2 orders of magnitude.

Significance to Bio-medical Research and the Program of the Institute:

These studies shed light on the mechanical factors which influence the

transport of albumin across the vascular interface. They indicate that

the greatest barrier to protein flux resides in a small region associa-
ted with the endothelial cell layer. The fact that pressure does not

influence the flux of albumin into the wall, either in the presence of a

normal barrier, or in its absence, suggests that the arterial wall
buttresses the endothelial cells and their associated barrier against
the forces of pressure rendering pressure ineffective as a driving force

for protein transport. Mechanical events analogous to the foregoing may
also be operative in the vascular system and of significance in the

transport of p-lipoprotein in the pathogenesis of atherosclerosis.
Proposed Course of the Project: Studies, such as the above, will be re-

peated with various other proteins and, in particular, with p-lipopro-
tein when appropriate tagging techniques become available for their
quantification.
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Honors and Awards: None

Publications:

Fry, D.L.: Localizing factors in arteriosclerosis. Ch. II. Athero -

sclerosis and Coronary Heart Disease . Hahnemann Symposium, 1971.

In press.
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PHS-NIH
Individual Project Report
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Project Title: In vitro study of the influence of temperature on trans-

vascular albumin flux.

Previous Serial Numbers: None

Principal Investigator: Donald L. Fry, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:
Objective: To qviantify the effective temperature on protein flux into the

vascular wall.
Methods Employed: Freshly removed canine aortas were placed in a spe-

cially designed device such that various portions of the vascular seg-

ment could be held at different prescribed temperatures. Each of these

areas was then exposed to autologous serum containing Evans blue tagged-

albumin for specified periods of time and the subsequent flux of albumin

into the wall measured.
Major Findings: Below 300° K the flux of albumin into the vascular inter-

face appears to follow an exponential relationship suggesting that it

could be an activated diffusion process. Above 312° K the resistance of

the diffusion barrier virtually disappears resulting in massive influx
of protein into the wall. Histologic studies suggest that the endo-
thelial cells belcw this temperature remain normal and above this tem-

perature suffer changes in staining properties and become pyknotic.
Significance to Bio-medical Research and the Program of the Institute:

There has been evidence from this laboratory suggesting that the per-
meability of the vascular interface may be related to its internal
energy density. If so, it would be expected also to show the character-
istic temperature-flux relationship of an activated diffusion process.
While the foregoing data are of a preliminary nature and as yet show
too much scatter to prove the hypothesis, they are nevertheless sugges-
tive. The data also suggest that at temperatures in excess of 300 K
the vascular interface appears suddenly to "melt," which is consistent
with the idea that part of the barrier may reside in the cell membranes
which are known to have a transition in this range.

Proposed Course of the Project: Further studies will be done to refine the
measuring techniques so that the functional relationships between tem-
perature and flux can be quantified more accurately. Electron micro-
scopic and histochemical studies of the tissue will be done in an
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effort to identify changes in composition of the wall with temperature,

particularly those associated with the "melting" process. Finally,

these studies will be repeated with various lipoproteins when suitable

tagging techniques for their quantification become available.

Honors and Awards: None

Publications: None

"D T3

1D> s

i"fr,

h

•73



Serial No. NHTJ-37
1. Cardiology Branch
2. Section on Clinical Biophysics

3. Bethesda, Maryland
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July 1, 1970 through June 30, 1971

Project Title: In vivo studies of aortic intimal histologic and chemical

response to acutely induced mechanical stress.

Previous Serial Numbers: NHLI-41

Principal Investigator: Donald L. Fry, M.D.

Other Investigators: Victor J. Ferrans, M.D., Ph.D.

Cooperating Units: Section on Pathology, Cardiology Branch

Project Description:
Objective: To continue in vivo studies of the intimal histologic and

chemical response to acutely induced mechanical stress in shear, tension,

and compression.
Methods Employed: A variety of mechanical devices have been devised which

allow controlled mechanical stress to be applied to the vascular intima
in a variety of configurations in the acute animal preparation. The de-

tails of these methods have been described in previous reports. Addi-
tional methodology was developed to quantify the tissue response to the

above induced stresses. Two new techniques were developed for estimat-
ing the flux of Evans blue tagged albumin across the vascular interface.
The first was a direct ref lectometric approach in which the freshly
opened stretched vascular interface is mounted in an evenly illuminated
thermally and chemically controlled bath. The image of the submerged
interface is projected by a lens system to a large ground glass plate,
one point of which is scanned by a photocell. With an appropriate se-
lection of filters it is possible to measure the amount of light absorbed
in the blue-stained regions as a function of the Evans blue concentra-
tion in the vessel surface. The second method is a fluorescence tech-
nique based on an observation which we have made that Evans blue bound
albumin fluoresces at about 630 nanometers when excited by the green
band of the mercury spectrum. The amount of red light emitted can then
be quantified using appropriate filter systems such that the concentra-
tion of Evans blue may be related to the fluorescence intensity.

Major Findings: The above studies have corroborated the results of pre-
vious studies in this laboratory in that the vascular interface has
been found to be responsive to applied mechanical stress: endothelial
cells yield at about 400 dynes/cm^ and the permeability of the vascular
interface to protein increases at stresses below this valueo The re-
flectometric measurement of staining density distribution of Evans blue
dye on the opened vascular interface was found to correlate well with
the intensity of Evans blue albumin fluorescence elicited from the
corresponding histologic section.
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Significance to Bio-medical Research and the Program of the Institute:
Both experimental as well as naturally-occurring atherosclerosis is a

discrete process occurring in the vascular intima, the topography of

which suggests that the development of atherosclerotic lesions tends
to be accelerated in regions exposed to increased mechanical stress.
If the mechanism of this process is to be studied, then it is essential
to develop techniques for studying discretely the transport mechanics
of the vascular interface.

Proposed Course of the Project: This project has been completed and data
is being analyzed and prepared for publication.

Honors and Awards : None

Pub lications: None

^
m
X

p -a

^ -^

^ =?
Ic fT>

^ 3
n Q)
^

r

.-s rl

'J$\

yr



Serial No. NHLI-38
1. Cardiology Branch
2o Section on Clinical Biophysics

3. Bethesda, Maryland

1

PHS-NIH
Individual Project Report

July I, 1970 through June 30, 1971 £

Project Title: The develop.Tient of methods for the in vitro study of vascular

interfacial transport mechanics. .

Previous Serial Numbers: NHLI-42

Principal Investigator: Donald L. Fry, M.D.

Other Investigators: Victor J. Ferrans, M.D., Ph.D., and John T. Flaherty,

M.D.

Cooperating Units: Section on Pathology, Cardiology Branch

Project Description:
Objective: To develop methods for the in vitro study of intimal transport

mechanics.
Methods Employed: Arterial segments are removed and placed in a special

tissue holding device (described in previous reports) . The essential

purpose of the device is to permit selected areas of the opened vascular

interface to be studied in a controlled, thermal, chemical and mechanical
milieu. The surface is exposed to serum containing various tagged mole-

cules of interest for selected periods of time, following which the

amount of tagged material that has entered the interface is estimated m
using ref lectometric, fluorescent, or radioactivity measurements.

Major Findings: The major barrier to protein transport appears to reside
in a thin layer associated with the endothelial-cell surface. This
barrier appears to remain intact for periods up to four hours, so long ^

as the endothelial surface remains covered with autologous serum.
Barrier function is decreased by exposure of the endothelial surface to
saline, albumin solutions, solutions containing traces of various polar
solvents, such as ethanol, and solutions containing various anesthetic
agents, such as nembutal.

Significance to Bio-medical Research and the Program of the Institute:
These studies have shown that it is feasible to study protein transport
across the vascular interface in a controlled in vitro situation for
periods up to 4 hours

»

Proposed Course of the Project: This methodology is to be applied to a
wide variety of questions concerning those factors which influence the
permeability of the arterial vascular interface to various molecular
species of interest and in particular to proteins and lipids.

Honors and Awards: None.

Publications: None.
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Project Title: Development of canine and miniature swine experimental ath-

erosclerotic animal colonies

Previous Serial Number: NHLI-45

Principal Investigator: John T. Flaherty, M.D.

Other Investigators: Joseph E. Pierce, DVM, Donald L. Fry, MoD.

Cooperating Units: Laboratory of Kidney and Electrolyte Metabolism, NHLI,

and Food and Drug Administration

Project Description:
Objective: To develop colonies of dogs and swine with experimentally in-

duced atherosclerosis to be used as experimental models of human athero-
sclerosis. To produce atheroma by various surgical interventions. To

evaluate the effect of hypothyroidism on the pattern of atherosclerosis
in minipigs.

Methods Employed: An atherogenic diet was used consisting of cholesterol,
cholic acid, 6-propylthiouracil and cottonseed oil. A group of 32 dogs

was thyroidectomized and then placed on the diet. Serum cholesterol,
triglycerides, lipoprotein electrophoretic patterns and thyroid function
were monitored at monthly intervals. Arteriovenous shunts were placed in

the femoral artery in 7 dogs and in the carotid artery in 8 dogs. Thor-
acic aorta coarctation was performed on 8 dogs. Minipigs were a)

thyroidectomized and placed on an atherogenic diet (3), b) placed on the
atherogenic diet only (2) and c) placed on a standard swine diet for con-

trol purposes.
Major Findings: The thyroidectomized dogs showed a marked rise in serum

cholesterol, triglycerides and p-lipoproteins. Swine also developed
elevations of p-lipoproteins on the atherogenic diet both with and with-
out thyroidectomy. Arteriovenous shunts remained patent for 3-4 months.

Significance to Bio-medical Research and the Program of the Institute:
The establishment of canine and miniature swine colonies with experi-
mentally produced atherosclerosis is essential to studies of the patho-
genesis of arteriosclerotic cardiovascular disease. The evaluation of

the role of hypothyroidism in the localization of atheroma in minipigs
is important in the interpretation of the data that can be obtained from
hypothyroid atherosclerotic dogs, as well as for evaluation of the role
of other tissue factors involved in the localization of lipid deposition.

Proposed Course of the Project: Further comparative studies of the detailed
topography of lipid deposition, collagen deposition and smooth muscle
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proliferation will be carried out to elucidate the role of tissue fac-
tors. The interrelations of these processes as well as their relation
to mechanical factors will be studied. Based on our initial observations
of femoral artery shunt compared to carotid artery shunts, there is a

relative resistance seen in the common carotid artery to the build-up of

lipid deposits under similar hemodynamic conditions which produce massive
atheroma in the femoral artery.

Honors and Awards: None

Publications:

Flaherty, J.T., Ferrans, V.J., Pierce, J.E., Carew, T.E., and Fry, D.L.

:

Localizing factors in experimental atherosclerosis. Chapter in Coronary
Heart Disease and Atherosclerosis . Ed. W. Likoff. Grune and Stratton,
New York, 1971.
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The topography of experimental atherosclerotic lesions in
the dog.

Previous Serial Number: NHLI-43

Principal Investigator: John T. Flaherty, M.D.

Other Investigators: Donald L. Fry, M.D., Joseph E. Pierce, DVM, and
Victor J. Ferrans, M.D., Ph.D.

Cooperating Units: Laboratory of Kidney and Electrolyte Metabolism, NHLI,
Section on Pathology, Cardiology Branch, NHLI

Project Description:
Objective: 1. To study the topography of atheroma, in hyperlipemic dogs.

2. To produce atheroma by altering flow conditions surgically.
Methods Employed: The atherosclerotic dogs were given Evans blue dye as a

visual tag for albumin one hour prior to sacrificing. The entire ar-
terial tree was removed and mounted for examination of the intimal sur-
face following Sudan IV staining. Photographic records were made of the
Sudan-stained lipid accumulations and the blue stained-albumin concen-
trations. Histologic sections were obtained of the principal lesions.
Arteriovenous shunts or coarctations were surgically induced prior to the
starting of the atherogenic diet in a second group of dogs. The albumin
and lipid staining patterns were recorded and flow and pressure distribu-
tion measurements obtained prior to sacrifice.

Major Findings: Discrete lipid infiltrations were found principally at
branch points and entrance regions. In early disease Evans blue patterns
were similar. Histologic examination of the early lesions revealed lo-

calization of lipid in the intima often localized to endothelial cells or
to the region of the internal elastic lamina. Special connective tissue
stains revealed the presence of focal fibromuscular proliferations at

flow dividers. The presence of collagen in apical regions and within
intimal pads appeared to alter the patterns of lipid infiltration and
deposition in the vessel wall. Arteriovenous shunts in the femoral
artery produced extensive but characteristic atheroma, compared to com-
parable shunts in the carotid artery, which produced only minimal athero-
mas. Carotid shunts did produce fibromuscular intimal thickening in the
region of the shunted artery upstream from the shunt. Coarctations pro-
duced atheroma on the leading slope of the narrowed segment.

Significance to Bio-medical Research and the Program of the Institute: The
relation of the topography of albumin and lipid accumulations as well as
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Serial No. NHLI-40
1. Cardiology Branch
2. Section on Clinical Biophysics
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

connective tissue changes to areas in the vascular system where mechanical
stresses would be high suggests a causal relationship-

Proposed Course of the Project: Detailed topography of the atheroma will
point to areas in the vascular tree where shear stresses and flow
patterns should be further studied j^ vivo and in models. Experimentally
induced atheroma will show the effect of controlled alteration of hemo-
dynamics on lipid accumulation and fibromuscular proliferation in vessel
wa 1 1 s .

Honors and Awards: None

Publications

:

Flaherty, J.T., Ferrans, V.J., Pierce, J.E., Carew, T.E., and Fry, D.L.:
Localizing factors in experimental atherosclerosis. Chapter in Coronary
Heart Disease and Atherosclerosis . Ed. W. Likoff. Grune and Stratton,
New York, 1971.
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Serial No. NHLI-41
1. Cardiology Branch
2. Section on Clinical Biophysics
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Endothelial nuclear orientation and morphology and its

relation to hemodynamic factors •

Previous Serial Number: NHLI-44

Principal Investigator: John T. Flaherty, M.D.

Other Investigators:

Cooperating Units;

Dali J. Patel, M.D., Ph.D., Joseph E. Pierce, DVM,
Victor J. Ferrans, M.D., Ph.D.

Laboratory of Kidney and Electrolyte Metabolism, NHLI,
and Section on Pathology, Cardiology Branch, NHLI

Project Description:
Objective: To study the variations in nuclear orientation, and morphology

of canine arterial endothelivmi and to relate these to shear stresses and
secondary flow patterns. To evaluate the role of physiologic shear
stresses in orienting and molding the nuclei. Surgical transposition of
segments of arteries to study the effect of physiologic shear stresses
in reorienting and reshaping endothelial nuclei in a chronic _in vivo
preparation.

Methods Employed: Arterial trees from normal dogs were removed, opened
longitudinally and stretched to in vivo dimensions o The surface was
then washed with isopropyl alcohol and the nuclei stained with Evans
blue dye. Photomicrography was employed to make a permanent record of
the endothelial cells at many selected locations along the arterial
tree. Major axis orientation angles were measured with a protractor
and minor axes lengths and cell-population density were recorded. Sur-
gical transposition of segment of thoracic aorta was carried out and the
endothelial patterns studied at 3, 10, 21 and 70 days.

Major Findings: Study of the variations in orientation, shape, and densi-
ty of the endothelial nuclei at various locations along the arterial
tree suggest a correlation between hemodynamic factors, and "normal"
endothelial cell patterns. Markedly non-axial nuclear orientations are
found in the aortic arch and in the upper abdominal aorta which could
logically correlate with secondary flow patterns in these regions.
Marked, but systematic variations of nuclear shape and density are also
found, which are suggestive of a relationship to local hemodynamic
factors. The orientation of endothelial nuclei on the surgically trans-
posed segment showed complete alignment to the new flow direction in 10
days

.
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Serial No. NHTJ-41
1. Cardiology Branch
2. Section on Clinical Biophysics
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Significance to Bio-medical Research and the Program of the Institute:
The establishment of a relationship between endothelial morphology and
orientation to the blood flow patterns to which it is subjected would
provide a valuable tool in the study of vascular hemodynamics in animals
as well as in human beings by in vitro observation.

Proposed Course of the Project: Hot-film anemometry will be employed to
study the associated blood velocity profiles and shear distributions.
Endothelial nuclear strain measured by nuclear deformation will be
quantitated and related to hemodynamic factors in an rn vitro prepara-
tion.

Honors and Awards: None

Publications: None
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Serial No. NHLI-42(c)
1. Cardiology Branch
2. Section of Pathology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 70 through June 30, 19 71

Project Title: Healed Valvular Infective Endocarditis

Principal Investigator: Neil A. Buchbinder, M.D.

Other Investigators: William C. Roberts, M.D.

Cooperating Units: None

Project Description: Clinical and anatomic features are described in 29

necropsy patients with healed valvular infective endocarditis. Active infective
endocarditis (AIE) occurred on anatomically abnormal valves in 24 patients, 9

of whom had congenitally bicuspid aortic valves. Six patients had congestive
heart failure before AIE. All 29 patients had evidence of valvular dysfunction
during and after AIE, 27 of whom had overt signs of heart failure AIE was the
sole or contributary cause of valvular dysfunction in at least 23 patients.
Aortic valve perforation was discemable in 10 patients. 5 patients had
ruptured mitral chordae tendineae. The average time from AIE to necropsy was
4.3 years. The average longevity of patients with aortic valve perforations
was 7.8 years and 4.1 years for those with ruptured chordae tendineae. The
absence of a "myocardial factor" specific to IE is further substantiated by
the fact that only 4 of 17 patients with adequate surgical correction of

valvular dysfunction died as a result of persistent congestive heart failure.
Death in the other 13 postoperative patients was caused by a surgical compli-
cation and not myocardial failure. The presence of fibrosis of the papillary
muscles in 83% of patients supports the view that this lesion is the result
of healed papillary muscle necrosis which has been found in 75% of necropsy
patients with AIE.

Honors and Awards : None

Publications: None
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Serial No. NHLI-43(c)
1. Cardiology Branch

2. Section of Pathology

3. Bethesda, Man'land

PHS-NIH
Individual Project Report

July 1, 19 70 through June 30, 19 71

Project Title: Active Non-infective Thrombotic Endocarditis

Principal Investigator: Neil A. Buchbinder, M.D.

Other Investigators: William C. Roberts

Cooperating Units: None

Project Description: The clinical and necropsy features of 45 patients with

active non-infective thrombotic endocarditis (ANITE) were studied. Vegetations

occurred on anatomically normal valves in 40 patients and functionally normal

valves in 44 patients. Malignancy was present in 39 patients, 31 of whom were

being treated with chemotherapy. A precordial murmur was present in 55% of

patients. Twenty-eight patients were febrile, 9 of whom had positive blood
cultures. The diagnosis was not made premortem in any patients. An embolic
infarct was suspected clinically in only 3 patients but was found at necropsy
in 31 patients, 14 of whom had multiple infarcts. Death in 6 patients was
caused by a CNS embolus . In no patient were organisms demonstrable in histo-
logic sections of the vegetation. Thus, bacterial implantation in vegetations
of ANITE is not felt to be the underlying mechanism for the development of AXE.
The possible relationship of ANITE to a coagulopathy was studied. Thrombo-
cytopenia (75,000) was present in 25 of 31 patients. Thirteen of the 25 had
a possible etiology (hematopoietic malignancy or cytotoxic drug) whereas 12
had no apparent explanation. In only 3 of these patients was a complete
coagulation profile available for study. 2 of the 3 had criteria disseminated
intravascular coagulation.

Honors and Awards: None

Publications: None
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Serial No. NHLI-44(c)
1. Cardiology Branch
2. Section of Pathology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 70 through June 30, 19 71

Project Title: Active Valvular Infective Endocarditis

Principal Investigator: Neil A Buchbinder, M.D.

Other Investigators: William C. Roberts, M.D.

Cooperating Units: None

Project Description: Clinical and anatomic features are described in 55

patients with active valvular infective endocarditis. Fifty-eight percent had
vegetations on previously anatomically normal valves. Predisposing factors

allowing entrance of virulent or unusual organisms, or alterations of host
defense mechanisms, are believed to account for the frequency of IE on normal
valves. Valvular dysfunction occurred in 70% of the 55 patients, causing con-
gestive heart failure in all. Myocardial lesions were present in 92% of the

39 patients in whom multiple histologic sections were examined. Papillary
muscle necrosis was present in 75% but contributed to mitral regurgitation
in only one. Myocardial inflammation was focal in all but 2 patients. Myo-
cardial lesions are not believed to be a primary cause of congestive heart
failure. No correlation was found between congestive heart failure and any
or all myocardial lesions. Pericarditis was found in 9 patients (18%), and
in 8 a site of direct extension of the inflammation into the pericardium was
apparent. Ring abscesses were found in 10 of 19 patients with aortic
regurgitation. The most common renal lesion was infective (abscess or
pyelonephritis)

.

Honors and Awards: None

Publications: None
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Serial No. NHLI-45(c)
1. Cardiology Branch
2. Section of Pathology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 70 through June 30, 19 71

Project Title: Active Infective Endocarditis Confined to Mural Endocardium

Principal Investigator: Neil A. Buchbinder, M.D.

Other Investigators: William C. Roberts, M.D.

Cooperating Units: None

Project Description: The clinical and necropsy features of 5 patients with
active infective endocarditis confined to non-valvular (mural) endocardium
were studied. Each patient had an underlying malignant disease; 4 had leukemia
and 1 lymphoma. The causative organism was fungal in each; Candida in 3,

Phycomycetes in 1 and Aspergillus in 1. The vegetations were located on the
right ventricular endocardium in 3 patients and left atrial endocardium in 2.

Only one patient had a precordial murmur and this was thought to be functional.
The diagnosis of fungal infection was made in each patient but the diagnosis
of endocarditis was not made in any. The pathogenesis of this unusual form
of infective endocarditis was studied. In each patient the endocardial lesion
was not primary but rather the result of extension of an infective process
originating at another site. Each of the 3 patients with vegetations on the
right ventricular endocardium had numerous myocardial abscesses as part of
systemic fungal septicemia. The endocardial vegetations in these patients
resulted from extension of a myocardial abscess to involve the endocardium.
The 2 patients with IE of left atrial mural endocardium had extensive fungal
infection of the lungs with fungal thrombi in pulmonary vein vegetations into
the left atrium. No definite evidence of cardiac dysfunction was found in
any patient although the left atrial vegetation in one patient was extensive
enough to have decreased pulmonary venous return.

Honors and Awards : None

Publications: None
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Serial No. NHLT-46(c)
1. Cardiology Branch
2. Section of Pathology
3. Bethesda, Maryland

PRS-NIH
Individual Project Report

July 1, 1970 through June 30, 19 71

Project Title: The Spleen in Type I Hyperlipoproteinemia: Histochemical,
Biochemical, Microfluorimetric and Electron Microscopic

Observations

Previous Serial Number: NHLI-74(c)

Principal Investigator: Victor J. Ferrans, M.D.

Other Investigators: L. Maximilian Buja, M.D.

William C. Roberts, M.D.

Donald S. Fredrickson, M.D.

Cooperating Units: Molecular Disease Branch, National Heart and Lung
Institute

Project Description: Histochemical, biochemical, microfluorimetric and

electron microscopic studies were made of the spleen of a patient with type I

hyperlipoproteinemia. Foam cells were observed that contained a material
identified as ceroid on the basis of its autofluorescence , acid-fastness,
sudanophilia, PAS-positivity and insolubility in organic solvents. Electron
microscopy showed that the ceroid was organized in the form of granules with
concentric lamellae of irregular periodicity. The process of formation of

these granules was described in detail. The ceroid was considered to repre-
sent non-digestible end-products of the metabolism of chylomicrons taken up

by macrophages in splenic sinusoids.
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Honors and Awards

;

None

Pub'lications : Ferrans, V. J., Buja, L. M. , Roberts, W. C. , and Fredrickson,

D. S.: The spleen in type I hyperlipoproteinemia: Histo-
chemical, biochemical, microfluorimetric and electron
microscopic observations. Am. J. Path. (In press).
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Serial No. NHLI-47(c)
1. Cardiology Branch

2. Section of Pathology

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Ultrastructural Studies of Cardiac Biopsies in Primary

Myocardial Disease

Previous Serial Number: NHLI-7&(c)

Principal Investigator: Victor J. Ferrans, M.D., Ph.D.

Other Investigators: William C. Roberts, M.D.
Rashid Massumi, M.D.*
Nayab Ali, M.D.-
Gerald Shugoll, M.D.**

Cooperating Units; *Cardiology Division, D. C. General Hospital
^*Cardiology Service, Veterans Administration Hospital.
Washington, D.C.

Project Description: Electron microscopic studies are being made of cardiac
biopsies obtained from patients with primary myocardial disease at D.C.
General Hospital and V. A. Hospital, Washington, D.C. A Konno catheter is

being used to biopsy the septal wall of the right ventricle. Observations
made indicate that mitochondrial alterations, swelling of the sarcoplasmic
reticulum and dilatation of the transverse tubular system are the main
alterations present.

Honors and Awards: None

Publications: Data to be presented at Sept., 1971, International Symposium
on Cardiomyopathies, will be published in a book which will contain the
proceedings of this meeting.
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Serial No. NHLI-48(c)

1. Cardiology Branch
2. Section of Pathology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Electron Microscopic and Histochemical Studies of the Liver
in GM-, Gangliosidosis

Previous Serial Number: NHLI-73(c)

Principal Investigator: Victor J. Ferrans , M.D., Ph.D.

Other Investigators: Donald S. Fredrickson, M.D.

Howard Sloan, M.D.

Cooperating Units: Laboratory of Molecular Diseases, National Heart & Lung
Institute

Project Description: Ultrastructural and histochemical studies have been
made on liver tissue obtained from 2 patients with biochemically proven GM,

gangliosidosis. Results obtained indicate that two different compounds are

stored in the liver: GM ganglioside, which is localized in the hepatocytes,
where it forms membranous cytoplasmic bodies that are probably of lysosomal
origin, and an acid mucopolysaccharide- like material, which is present within
the lysosomes of the Kupfer cells in the form of thin-walled, straight tubules
that measure from 170 to 200 A in diameter. The material from which the

tubules are derived accumulates at first in the endoplasmic reticulum of the

Kupfer cells and is subsequently transferred to the lysosomes, where the

tubules develop.

The storage of two different compounds in two different cell types of the
same organ is of great interest in view of the currently held concept of a

single enzyme deficiency in this disorder. It is possible that both com-
pounds share a common path of degradation.

Honors and Awards: None

Publications: To be prepared for publication.
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Serial No. NHLI-49(c)
1. Cardiology Branch

2. Section of Pathology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 19 71

Project Title: A Histochemical and Electron Microscopic Study of Cardiac

Myxomas

Previous Serial Number: NHLI-75(c)

Principal Investigator: Victor J. Ferrans, M.D., Ph.D.

Other Investigators: William C. Roberts, M.D.

Cooperating Units: None

Project Description: Histochemical studies are being made on 8 cardiac

myxomas, and electron microscopic observations have been made on 2. The

electron microscopic data support the concept that the tumor cells are derived

from endocardial endothelial cells. The myxoma cells show a marked tendency

to form capillary- or duct-like structures. Their cytoplasm contains numerous
filaments that measure 50-70 A in diameter and are similar to those described

in normal endothelial cells. The myxoma cells also contain variable amounts

of rough-surfaced endoplasmic reticulum and iron particles. The stroma of

the tumor is composed of a material the structure of which varies from

amorphous to finely fibrillar. The histochemical studies are primarily
concerned with the histochemical characterization of the carbohydrate
components of the myxomatous stroma.

Honors and Awards: None

Publications: None
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Project Title;

Serial No. NHLI-50
1. Cardiology Branch
2. Section of Pathology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 70 through J'jne 30, 19 71

Effects of Hyperosmotic Perfusate on Ultrastructure and
Function of the Isolated Canine Heart

Previous Serial Number: None

Principal Investigator: Victor J. Ferrans , M.D., Ph.D.

Other Investigators: L. Maxi.milian Buja, M.D.

Sidney Levitsky, M.D.
William C. Roberts, M.D.

Cooperating Units: Surgery Branch, National Heart and Lung Institute

Project Description: Ultras tructural and functional observations are de-

scribed on isolated canine hearts preserved for 18 hours with either filtered

plasma perfusate (5 dogs) or with filtered plasma-dextran perfusate (6 dogs)

.

Interstitial edema, swelling of sarcoplasmic reticulum, and mitochondrial

damage were observed in each of the 5 hearts perfused by filtered plasma.

In contrast, interstitial edema was absent in each of the 6 hearts perfused

by filtered plasma-dextran, and swelling of sarcoplasmic reticulum and mito-

chondrial damage occurred in only 2. Myocardial compliance also appeared

to be better in hearts perfused by filtered plasma-dextran than in hearts

perfused with filtered plasma. In conclusion, the osmolarity of the per-

fusate is important in preventing edema in preserved hearts.
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Honors and Awards

Publications

None

Ferrans, V.J., Buja, L.M. , Levitsky, S., and Roberts, W.C.

:

Effects of hyperosmotic perfusate on ultrastructure and

function of the isolated canine heart. Laboratory Investi-

gation . In press.

<?/



Serial No. NHLI-51(c)
1. Cardiology Branch
2. Section of Pathology

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 70 through June 30, 19 71

Project Title: Papillary Muscle Dysfunction Before and After Auscultatory

Mitral Regurgitation. Hemodynamic and Morphologic Documentation

Principal Investigator: William C. Roberts, M.D.

Other Investigators: M. Wayne Falcone, M.D.

James A. Ronan, Jr., M.D.

Cooperating Units: Department of Medicine, Georgetown University School of

Medicine, Division of Cardiology, Georgetown University
Hospital, Washington, D.C.

Project Description: Clinical, hemodynamic and anatomic findings are described

in a 71-year-old man with "silent" acute myocardial infarction. Attention is

called to the hemodynamic documentation of mitral regurgitation resulting from
papillary muscle necrosis both shortly before and shortly after clinical
appearance of a murmur of mitral regurgitation. The interest of this case is

the fact that the patient underwent 2 cardiac catheterizations during the time

that the myocardium was being infarcted. It was thus possible to demonstrate
the hemodynamic consequences of papillary muscle necrosis. It was shown that
hemodynamic evidence of mitral regurgitation was present before auscultatory
evidence of mitral regurgitation appeared.

Honors and Awards: None

Publications: None

<?i



Serial No. NHLI-5 2{c)

1. Cardiology Branch
2. Section of Pathology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 70 through June 30, 19 71

Project Title: Aneurysm of the Non-patent Ductus Arteriosus,

Previous Serial No. None

Principal Investigator: William C. Roberts, M.D.

Other Investigators:

Cooperating Units

:

M. Wayne Falcone, M.D.
Joseph K. Perloff, M.D.

Department of Medicine, Georgetown University
School of Medicine, Division of Cardiology,
Georgetown University Hospital, Washington, D.C.

Project Description: Clinical and necropsy findings are described in a 6-week-
old infant with aneurysm of the ductus arteriosus . It was obliterated at the
pulmonary arterial end and patent at the aortic end. Observations in 60

previously described patients with ductal aneurysm disclosed that 46 were in
infants less than 2 months old, 4 in children, and 11 in adults. The aortic
end of the ductal aneurysm is always patent. The pulmonary arterial end may
or may not be patent. Since nearly half of the ductal aneurysms tend to

develop complications (rupture, embolism or infection) operative resection
appears indicated.

Honors and Awards: None

Publications: Falcone, M. W. , Perloff, J. K. , and Roberts, W. C. : Aneurysm
of the non-patent ductus arteriosus. Am. J. Cardiol. In
press
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Project Title:

Serial No. NHLI-5 3(c)

1. Cardiology Branch

2. Section of Pathology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 70 through June 30, 19 71

Congenital Aortic Stenosis Resulting from a Unicommissural

Valve. Clinical and Anatomic Features in 21 Adult Patients

Principal Investigator: William C. Roberts, M.D.

Other Investigators:

Cooperating Units

M. Wayne Falcone, M.D.

Andrew G. Morrow, M.D.

Joseph K. Perloff, M.D.

Surgery Branch, National Heart and Lung Institute

and Department of Medicine, Georgetown University
School of Medicine, Division of Cardiology, George-

town University Hospital, Washington, D.C.

Project Description: Clinical, electrocardiographic, phonocardiographic,

radiographic, hemodynamic and anatomic findings are presented in 21 adult

patients with stenotic unicommissural aortic valves. Distinction of con-

genitally unicuspid and bicuspid aortic valves before operation or autopsy

was not possible. Although the basic structure of the valve may render it

inherently stenotic, the age at which a murmur was first noted (avg. 19 years

the duration of a known murmur (avg. 25 years) , and the age of onset of first

symptoms of left ventricular outflow obstruction (avg. 41 years) strongly
suggest that stenosis at least in part is acquired. The relationship of the

true and false commissures to the coronary arterial ostia could be determined

with certainty in 12 patients. The basic division of the aortic valve into

left, right, and non-coronary cusps is maintained, but the raphes do not

extend to the valve orifice. Because the aortic valve is attached to the

ascending aorta at only one point (the true commissure) , which is at the leve

of the orifice, valvotomy is hazardous, and valve replacement appears indi-

cated when operative treatment becomes necessary in the adult patient with a

stenotic unicommissural aortic valve.

),

Honors and Awards : None

Publications: Falcone, M. W. , Roberts, W. C. , Morrow, A. G. , and Perloff, J,

Congenital aortic stenosis resulting from a unicommissural
valve: Clinical and anatomic features in 21 adult patients.
Circulation. In press.
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Project Title:

Serial No. NHLI- 54
1. Cardiology Branch
2. Section of Pathology
3. Bethesda, Maryland

PHS-NIH
Indi\ridual Project Report

July 1, 19 70 through June 30, 19 71

Acute and Chronic Effects of Normothermic Anoxia on
Canine Hearts: Light and Electron Microscopic Evaluation

Previous Serial Number:

Principal Investigator: L. Maximilian Buja, M.D.

Other Investigators: Sidney Levitsky, M.D.

Victor J. Ferrans, M.D. , Ph.D.

Sherman G. Souther, M.D.

William C. Roberts, M.D.

Andrew G. Morrow, M.D.

Cooperating Units: Surgery Branch, National Heart and Lung Institute

Project Description: To evaluate the acute and chronic effects of normo-

thermic cardiac anoxia, structural and functional observations were made on

the hearts of 29 dogs subjected to total cardiopulmonary bypass. Elective,

normothermic cardiac arrest was induced by aortic cross-clamping for 30

minutes in 7 dogs, and for 45 minutes in 16 dogs. The remaining 6 dogs, which

served as controls, were placed on bypass without aortic cross-clamping. The

6 control dogs and 6 of 7 dogs subjected to 30 minutes of cardiac anoxic

showed excellent cardiac function and minimal myocardial damage; one dog in

the latter group that died 6-12 hours after bypass showed no myocardial damage,

All 16 dogs subjected to 45 minutes of cardiac anoxia showed extensive myo-
cardial damage. Depressed cardiac function was demonstrated in 3 of 5 dogs

that survived for 8 days or longer after bypass . The acute cardiac damage was

of the myofibrillar degeneration type and progressed to replacement fibrosis;

this damage was selectively localized in the left ventricular papillary
muscles and subendocardium.

Honors and Awards : None

Publications: Buja, L. M. , Levitsky, S. , Ferrans, V. J., Souther, S. G.,

Roberts, W. C, and Morrow, A. G. : Acute and chronic effects
of normothermic anoxia on canine hearts: Light and electron
microscopic evaluation. Suppl. to Circulation 43 and 44:

In press.
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Serial No. NHLI-55(c)
1. Cardiology Branch

2. Section of Pathology

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Causes of Death and Other Anatomic Observations after

Cardiac Valve Replacement .

Principal Investigator: William C. Roberts, M.D.

Other Investigators: Andrew G. Morrow, M.D.

Cooperating Units: Surgery Branch, National Heart and Lung Institute

Project Description: From 1963 through 1970, 181 patients died following re-

placement of 1 or more cardiac valves with prostheses. Each patient was

studied at necropsy. The patients were divided into two groups: 1) 107

patients who died within 2 months of operation (early deaths), and 2) 74

patients who died at later periods up to 80 months (late deaths) . Of the 220

cardiac valves replaced in these 181 patients, Starr-Edwards prostheses were

used in 200. Among the causes of death early prosthetic dysfunction was

responsible in 30%, no anatomic cause was found in 28%, bleeding and technical

mishaps 19%, central nervous system catas trophies 7%, associated undiagnosed

or uncorrected valve disease 7%, infection 4%, and miscellaneous causes 5%.

Among the 74 patients who died late, prosthetic dysfunction accounted for

death in 37% and factors secondarily related to the prosthesis in 24%. These

latter factors included systemic embolism, CNS hemorrhage from hypopro-

thrombinemia, secondary endocardial fibrosis of the left ventricle, secondary

intimal fibrosis of the ascending aorta, and hepatitis. In 18% of the late

deaths the cause was undetermined, in 16% death was related to the underlying

cardiac disease and in 5% the cause of death was unrelated to the heart. Al-

though additional years of life have been provided to many critically ill

patients from severe valvular heart disease by cardiac prostheses it is

apparent 10 years after valve replacement that the ideal cardiac valve is not

presently available. It would appear from this study and others that the

rigid frame prostheses are simply not capable of functioning properly in a

few selected hearts with either small left ventricular cavities or small aortas.

^^/hether or not intimal proliferation which occurs in the aortic root late
following aortic valve replacement and also in the area of the coronary
arterial ostia will lead to chronic myocardial ischemia remains to be seen.
The degree of intimal proliferation in the ascending aorta in the late deaths _
corresponded to the presence or absence and degree of renal hemosiderosis H
indicating that the aortic lesion is due to turbulence of blood transversing
the prosthetic valve and that this turbulence causes intravascular hemolysis
which is apparent in the kidney by deposition of iron in cytoplasm of renal
tubules. V^ether or not the metallic hollow ball used in Starr-Edwards
prostheses will hold up over many years still remains to be seen, but there
is evidence that the cloth-covered struts do show evidence of wearing after
about three years

.
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Serial No. NHLI-55(c)

Honors and Awards: None

Publications: Roberts, W. C. and Morrow, A. G. : in Vogel, J. (Ed.), Long-

term prognosis following valve replacement. Second
Conference on Cardiovascular Disease. Basel, Switzerland,
S. Karger. Publication date 1971.
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ANNUAL REPORT OF THE
CLINIC OF SURGERY

NATIONAL HEART AND LUNG INSTITUTE
July 1, 19 70 through June 30, 19 71

The clinical and laboratory programs of the Surgery Branch have, as in
past years, largely centered upon the study of operative methods for the
correction of congenital and acquired heart and lung diseases, assessment of
the results of such operations, and laboratory studies related to cardio-
vascular physiology and pharmacology.

Radioi-sotope-powered Pacemakers : A previous report has described the
initial research effort to develop a cardiac pacemaker powered by an isotopic
heat source. This work has been carried out with the cooperation and support
of the Atomic Energy Commission. The pacemakers, fueled with metallic
238piutonium, were designed to have a useful life of more than ten years, to

obviate the frequent power pack changes which are necessary with pacemakers
powered by conventional batteries. After initial laboratory and bench testing
eight fueled pacemakers were inserted in normal dogs . Serial observations in
these animals indicated that after an initial stabilization period the pace-
maker rate and the amplitude and configuration of the pacing artifact remained
unchanged. Over a period of 18 months, however, pacing failed in every animal
after an average time of eight months. In each case the electrode was shown
to be physically and functionally intact after the pacemaker was disconnected
from it. Examination of the pacemakers which were removed has revealed the

cause of failure in seven of the eight units to be a defective output tran-
sistor in the pacemaker circuit. In the single unit in which the nuclear
power supply was defective, failure resulted from detachment of one of the
thermocouple tapes. Needless to say, this experience was discouraging, but re-

inforced the research plan which emphasizes extensive animal evaluation before
the units are utilized in man. A new series of pacemakers incorporating
an improved pacemaker circuit will be made available for animal implantation
early this year. The experience with the modified pacemakers will determine
the likelihood of suitability for use in patients with complete heart block.

Prosthetic Heart Valves ; A continuing interest of the Surgery Branch has
been the evaluation, operative treatment, and subsequent followup of patients
in vrhcm replacement of one or more cardiac valves is necessary. The original
St jrr--Edwards prostheses, both mitral and aortic, were constructed in such a

manner that much bare metal was exposed to blood, and there was a large area
of interface between metal and the fabric sewing ring. During 1964-66 experi-
mental studies revealed that if all the metallic surfaces were covered with a

thin layer of fabric, the fabric would become convered with host neointima,
and no foreign material except the ball was exposed to blood. This principal
was incorporated into valves produced commercially during 3 966-68, and aortic
prostheses (series 2300) and mitral prostheses (series 6300) were implanted
in approximately 100 patients. Subsequent evaluation of these patients by

both clinical examination and serial cardiac catheterizations revealed that

the valves had poor hemodynamic characteristics. Peak systolic pressure
gradients in excess of 50 mm. Hg were common after aortic valve replacement,
and gradients as high as 75 mm. Hg were sometimes recorded. Similarly, in the

mitral position the 6300 valves almost never permitted the left atrial pres-
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sure to fall to a normal level, and significant diastolic gradients were

invariably seen. Also, in the aortic position these valves caused severe

hemolytic anemia in a number of patients, even when perivalvular regurgitation

was not present. This experience led to the development of an improved series

of cloth-covered prostheses in which the ratio of orifice area to ball di-

a-neter was increased by nearly 20 percent. Over the past two years these

valves (aortic - 2310, mitral -6310) have been evaluated in another 100

patients. Postoperative hemodynamic assessments have indicated significant

improvement in comparison to the 2300 - 6300 series. In the aortic position

peak pressure gradients of to 20 mm. Hg are usual, and in the mitral

position the hemodynamic picture is essentially identical to that observed

with the original model 6120 (silastic ball) valves.

It has been hoped that the fabric covering utilized in both the 2300-6300

and 2310-6310 valves would result in a significant reduction in thrombo-

embolism. To date this hope has been borne out when these valves have been

utilized in the aortic position. Anticoagulants have been administered for

the first six months after operation and discontinued thereafter. Only two

patients are known to have sustained systemic emboli after cessation of anti-

coagulation. Such encouraging results have not been observed with fabric-

covered valves utilized in the mitral position. Thus, systemic emboli

occurred in each of the first three patients with 6310 mitral prostheses with-

in days after anticoagulants were stopped, and in one patient the embolus

proved fatal. At the present anticoagulation is stopped six months after

aortic valve replacement, but continued indefinitely in all patients with
mitral prostheses.

Tissue Heart Valves : In an attempt to obviate some of the disadvantages
of ball or disc mechanical prostheses an initial laboratory and clinical ef-
fort to construct satisfactory heart valves of homologous or heterologous
tissue have been made. At other institutions porcine aortic valves have been
used for valve replacement in man after they were sterilized and fixed in

formalin and mounted on a rigid metallic or plastic frame. The hemodynamic
function of such valves has been generally good, and they have not been the
source of emboli even though anticoagulants were not administered. Frequently,
however, such valves have failed when the tissue tore away from its attachment
to the rigid frame. A new valve frame has been designed in a cooperative
project with the Hancock Laboratories. This frame is presently constructed of
polypropylene, and the legs to which the commissures of the tissue valve are
attached are made semi-flexible. Tissue valves mounted on rigid and semi-
flexible frames were studied in a pulse duplicator while the stress on the
sutures anchoring the valve to the frame was constantly recorded with a force
transducer. With a rigid frame the stress on the attachment rose strikingly
as the valve was subjected to increased closing pressure. With the semi-rigid
frame, however, the slight centripital movement of the struts prevented this
tension increase and, in fact, stress at maximum closing pressure was some-
times observed to be less than that at a lower pressure.

Heterologous (porcine) valves, preserved and sterilized with glutaralde-
hyde, and constructed on such semi-flexible frames have been utilized for
mitral and/or tricuspid valve replacement in 20 patients. It has become
obvious that a distinct advantage of such valves is that they can be inserted



into a diminutive left ventricular chamber such as is encountered in patients

with severe calcific mitral stenosis or those with mitral disease and

associated aortic stenosis. Postoperative hemodynamic studies have been

carried out at 4-6 months and the function of the tissue valves is comparable

tc those of the 6310 ball valves. There have been no instances of thrombo-

pmbolism or infection. Anticoagulants have not been administered. Only con-

tinuing clinical followup will indicate whether tissue valves of this type

are sufficiently durable to recommend their general use.

Research in Organ Transplantation : A program of research in trans-

plantation biology, with special emphasis on cardiac transplantation, has been

instituted. Initial efforts have been directed toward definition of selected

fundamental problems utilizing a heterotopic (abdominal) heart transplant

model in inbred rats.

Immunologic enhancement (i.e. prolongation of graft survival by antibody)

of Brown Norway (BN) hearts transplanted into Lewis (L) hosts has been demon-
strated. Control BN hearts in L hosts were rejected in 6.4 "^ 0.7 (S.D.) days.

Pretreatment of L recipients with 107 BN spleen cells given intravenously one
week pretransplant caused prolongation of graft survival to 11.7 "^ 3.3 days
(P <.01). Serum obtained from L rats injected with 10^ BN spleen cells, when
injected into normal L rats at the time of transplantation and for a short
time thereafter, caused prolongation of graft survival to 11.0 'i 2.4 days.

Thus, immunologic enhancement of cardiac grafts has been demonstrated, al-
though the duration of graft prolongation is less than that previously shown
for renal grafts in a qualitatively similar system.

Some in-vitro properties of the serum factor (S) responsible for graft
enhancement in this system have been examined. No cytotoxicity can be de-
tected in microcytotoxicity tests. However, serum from BN spleen cell-treated
L rats does cause significant, reproducible, and immunologically specific de-
pression of unidirectional mixed leukocyte reactions (MLR) between L and irra-
diated BN spleen cells . Similar results were observed even when presensitized
L spleen cells were used. The depression of MLR was dose-dependent. These
observations support the concept of "peripheral masking" of antigen, rather
than central tolerance, as the mechanism of enhancement. Furthermore, the
results suggest that this assay (i.e. effect of serum from immunized subjects
on MLR) may be used as a semi -quantitative assay for the presence of enhancing
antibody.

In another series of L rats receiving BN heart grafts, recipients were
sacrificed at daily intervals on postoperative days one through six. Spleen
cells from the transplanted L hosts were examined for DNA synthesis, uti-
lizing a two hour incubation, and measuring the uptake of tritiated thymidine.
Significantly increased ^h- thymidine uptake, as compared to controls and
sham-operated animals, was noted on postoperative day three, increasing pro-
gressively through day six. Changes in graft status, as determined by
palpation and EKG activity, were inconsistent and were invariably preceded by
increased in-vitro leukocyte DNA synthesis by at least 48 hours. This study
suggests a rapid convenient, and probably specific assay for graft rejections
which is qualitatively different from the usual clinical tests.
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Also under examination are the anatomic and physiologic consequences of

orthotopic cardiac graft rejection. At the time of transplantation a left

ventricular pressure transducer, ascending aortic flow probe, and small

piezoelectric crystals on the left ventricular endocardial surface, across

the maximum transverse diameter, are implanted. Postoperatively, EKG, heart

rate, LV pressure, and dp/dt, cardiac output, stroke volume, LV diameter,
circumferential fiber velocity, and diastolic pressure-volume relationships
are examined serially at rest and during treadmill exercise. In this way,

the pathophysiology of graft rejection and the effects of immunosuppressive
treatment may be defined. These studies are in progress.
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Serial No. NHTJ-56(c)
1. Clinic of Surgery

3. Bethesda„ Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Development of a percutaneous transthoracic pacing wire
for both routine and emergency use.

Previous Serial No.: None

Principal Investigators: Thomas Q. Winter, M. D.

Robert L. Reis, M. D.

Project Description: The two customary methods of delivering electrical

impulses from a battery pack to the heart are (1) transvenous electrodes and

(2) epi.cardial electrodes. The former has the advantage of being inserted
under local anesthesia, but suffers from a failure rate of from 107o to 257o

due to the tip of the electrode being ejected or dislodged from the apex of

the right ventricle. This necessitates re-manipulation of the electrode to

restore pacing. The epicardial electrode system has proved much more reliable,

but requires a thoracotomy under general anesthesia for installation. We
have tried to design a system that would combine the reliability of the

epicardial system with the ease of insertion of the transvenous system.

This system employs a 17 gauge needle to make a left or right ventricular

puncture. A wire with a preformed tip is then introduced through the needle

into the ventricular chamber. The needle is withdrawn, and the wire is

gently snugged into the myocardium. For emergency use the wire would be

directly connected to the pulse generator; for permanent use the wire would be

tunneled subcutaneously to the pulse generator, which would also lie sub-

cutaneously. One theoretical advantage of this system is that pacing thresh-

olds from wires actually lodged in the myocardium are less than endocardial

thresholds, thus allowing a lower setting on the pulse generator and longer

battery life. Working with the Elgiloy Company of Elgin, 111. several different

wire sizes were evaluated (.006, .007, .008, .0085, .009, and .010). The

latter proved to be the most desirable. Wires were coated with a polyurethane

elastomer (Lycra) by the Plastics Unit of the Instrument Fabrication Section,

a. yd were introduced into dog hearts in a variety of ways. It was possible to

pace the dog hearts at a low threshold (<3.5 ma). Wires have been left in

the dogs for a period of up to 4 months. Recent x-rays reveal no wire fracture,

This system was also used to permanently pace one patient, a 17 year old girl

with complete heart block following repair of a partial A-V canal. After nine

weeks of satisfactory functioning, the wire fractured at a spot where it

crossed a rib (and thus was subject to repeated flexion through a narrow
radius) „ The wire was removed after it fractured and a transvenous electrode

was inserted. The wire has been used in one emergency situation where it

was necessary to pace the heart immediately. The wire was inserted quickly

and triggered ventricular contractions.
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Serial No. NHLI-56(c)
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Current Status: We have a wire that is superior to any wire commercially
available for emergency pacing of the heart o Only economic considerations
may possibly prevent its manufacture and widespread use. Its use as a

substitute for either the transvenous or epicardial electrode systems will
depend on how reliable the electrode will prove to be.

Proposed course:
wire

.

An attempt should be made to find a manufacturer for the
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Project Title:

Serial No. NHLI-57(c)
1. Clinic of Surgery

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Preoperative assessment of aortic and mitral valve sizes

to facilitate valve replacement with autogenous

tissue valves.

I.

Previous Serial Number: None

Principal Investigators: Thomas Q. Winter, M. D.

D. Luke Glancy, M. D.

Robert L. Reis, M. D.

Andrew G. Morrow, M D.

Cooperating Unit: Cardiology Branch, NHLI

Project Description: To reduce the time of aortic or mitral valve replace-
ment when autogenous tissue valves are utilized it is essential that a

preoperative assessement of approximately what size valve will be required,
so that one surgeon can construct the valve while another opens the chest
and prepares the operative site. To gain experience in predicting the
valve size, all preoperative left-ventricular and aortic root cines which
had accompanying measuring grids were reviewed.

Measurements were made at the area of the annulus, at the sinus of
Valsalva area, and at the narrowest part of the ascending aorta. Measure-
ments were corrected for magnification error, and the results were
correlated with the actual valve size subsequently employed at operation.
The measurement made at the annulus was the most valuable in predicting
the size of the valve actually used. Using this measurement, the correct
valve size was predictable in the majority of cases analyzed, and the
predicted valve size never differed from that of the valve utilized by more
than one size, well within the margin of error allowed.

To date, we have only analyzed two cines in patients who have had
mitral valve replacement. It is too early to judge the usefulness of
that procedure.

Proposed Course: Continue to accumulate experience and publish the
results if the data for estimating the size of the mitral valve proves
accurate, as this has not yet been reported.
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Serial No. NHLI-58(c)
1, Clinic of Surgery

3. Betbesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: A new cause for diastolic murmur following caged-ball

replacement of the aortic valve

Previous Serial Number: None

Principal Investigators: Thomas Q. Winter, M. D.

Robert L. Reis, M. D.

William C. Roberts, M. D,

Cooperating Unit: Section of Pathology, Cardiology Branch, NHLI

Project Description: A diastolic decrescendo murmur along the left sternal

border following aortic valve replacement usually signifies a peri-basilar
leak around the prosthetic valve. Recently a patient with a cloth-covered
aortic valve was seen who manifested a diastolic murmur but at autopsy

no peri-basilar leak was found. Fibrous tissue had grown into the valve
seating ring making the valve relatively stenotic and at the same time

providing an uneven seating surface for the metal ball, allowing a modest
amount of aortic regurgitation. This has not been previously reported

„

Proposed Course: Project completed. Manuscript in process of being
submitted for publication.
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Project Title:

Serial No, NHLI-59(c)
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Four Years' experience with fabric-covered Starr-Edwards
ball valves

Previous Serial Number: None

Principal Investigators: Thomas Q. Winter, M. D.

Robert L. Reis, M. D.

A. G. Morrow, M. D.

Project Description: Fabric-covered Starr-Edwards ball valves have been
used for both aortic and mitral valve replacements at this Institution for

over four years. Approximately 100 patients with the 2300/6300 series
valves have been followed for up to four years. The followup period for
the later series, the 2310/6310 series, has been approximately two years.
For each group determinations of mean valve area, peak systolic gradient,
and left atrial pressure are being made from the postoperative catheteriza-
tion data. The incidence of emboli in terras of patient months will be

given for each group. These data will be stored on a Wylbur Data Set and
be available for future reference, as well as serving as the initial
batch of data in the Retrospective Study of Cardiac Valve Replacement
which was begun approximately one year ago. (The data from the 230 patients
are presently being transferred to key punch cards; for this reason
specific numbers are not available at this time.)

Proposed Course: The information gathered in the above study will be
submitted for publication. The title of the project should be changed
from "Retrospective" to "Continuing" and data should be accumulated on
all the prosthetic valve replacements performed at this Institution and
stored in a system such as the Wylbur Data System so that it will be
available for easy reference in the future.
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Proiect Title:

Serial No. NHLI-60
1. Clinic of Surgery

3o Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

An exploration of the usefulness of secondary parameters in

improving accuracy of stroke volume estimation by computer

analysis of aortic pulse contour.

t

4

Previous Serial No.: None

Principal Investigators: David B. Melvin, M. D.

Kenneth Kempner, M. A,

Robert L. Reis, M. D.

I

Cooperating Unit: Computer Systems Laboratory, DCRT

Project Description: Many formulas have been proposed for the estimation
of cardiac stroke volume, and thus cardiac output, by computer analysis of
aortic pulse contour. Several of these have been of great clinical useful-
ness. A critical limitation experimentally and clinically has been a

decreasing degree of accuracy with abrupt changes in peripheral vascular
resistance. While changes of this degree are not common, it is precisely
during such periods that a rapid and reliable evaluation of cardiac output
is most needed. It was felt that by monitoring other parameters simultaneously,
a pattern change suggestive of, and quantitatively related to, these systematic
errors in current methods might be detected,,

Eight dogs were studied. Continuous records were made of 1) aortic root flow
by electromagnetic flol^7meter, 2) aortic root instantaneous pressure, 3) left
femoral arterial pressure, 4) right femoral flow by a Doppler ultrasonic
flow probe, and 5) right femoral flow by an electromagnetic flow probe.
Recordings were made on electromagnetic tape. The dogs were given a series
of drugs to alter cardiac and peripheral vascular function. Partial venous
inflow occlusion was effected briefly during each pharmacologic intervention.

Proposed Course: Experimental data will be digitized for analysis, Tiiitial
computations will be 1) an estimated stroke volume for each beat by several
currently used formulas, 2) the actual stroke volume by aortic electro-
magnetic flow probe, and 3) the errors incurred in estimation. The percentage
of error (positive or negative) will be plotted against time for each entire
experiment. Then, on the same axis can be plotted multiple derivations of
the parameters measured -- (for example, the Doppler flow, the aorto- femoral
pulse accentuation, the femoral pulse pressure, etc.). Any visually suggested
correlation will be tested mathematically. A new formula with a factor
incorporating the value which correlates with error will be written. The new
formula will then be applied to the original curves, and error assessed
again. Completion of data analysis and preparation of manuscript for
publication.
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Project Title:

Serial No. NHLI-61
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

The direct and reflex effects of isolated changes in pH,

pOo) ^i^d pC02 upon systemic and pulmonary vascular

resistance

Previous Serial No.: None

Principal Investigators: Jefferson F. Holl ingsworth, M. D.

Robert L. Reis, M. D.

Other Investigators: Bradley M. Rodgers, M. D.

John W. Yarbrough, M. D.

Frederick H. Levine, M. D.

David B. Melvin, M. D.

David M. Conkle, M. D.

Project Description: The isolated effects of pH, p02. arid pC02 upon systemic
and pulmonary vascular resistance are incompletely defined because
compensatory mechanisms tend to obscure individual changes. A canine
preparation utilizing cardiopulmonary bypass and employing isolated perfusion
and oxygenation of the systemic and of the pulmonary circulations has been
developed. Twenty-two NIH foxhounds were studied. This preparation
facilitates the investigation of isolated pH, p02. ^^id pC02 changes upon
systemic and pulmonary circulations. Utilizing this preparation, neurological
pathways remain intact, but there is complete humoral isolation of the

systemic and pulmonary circulations.

Results: Neither airway hypoxia, pulmonary arterial hypoxia, nor a combination
of these factors significantly altered pulmonary vascular resistance. Systemic
hypoxia, however, significantly increased pulmonary vascular resistance.
Systemic hypercapnic acidosis with a normal p02 and a physiologic pulmonary
circulation also significantly increased pulmonary Tascular resistance. A
combination of systemic hypercapnic acidosis, and hypoxia produced a synergistic
increase in pulmonary vascular resistance. It is proposed that these changes
in pulmonary vascular resistance are reflexly mediated since humoral isolation
of the circulations was confirmed. Neither systemic hypercapnia with a
physiologic pH, nor systemic acidosis with a physiologic pC02 produced a

significant increase in pulmonary vascular resistance.

The direct effects of selective changes in the systemic pH, p02, and pC02 on
systemic vascular resistance were also evaluated. Systemic hypoxia produced
no change in systemic vascular resistance, however, one minute folbwing
reoxygenaticn systemic vascular resistance significantly decreased. Systemic
hypercapnia with a physiologic pH also increased, systemic vascular resistance.
Lactic acidosis with a constant pC02 did not alter systemic vascular resistance.
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Serial No. NHLI-61
1. Clinic of Surgery
3. Bethesda, Md.

PHS-MHI
Individual Project Report

July 1, 1970 through June 30, 1971

Metabolic alkalosis significantly decreased systemic vascular resistance.

Proposed Course: An investigation of the direct effect of airway and
pulmonary vascular hypercapnia, acidosis, and hypercapnic acidosis upon
pulmonary vascular resistance is proposed.
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Serial No. NHLI-62
1. Clinic of Surgery

3. Bethesda, Md.

PHS-NIH j^
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Measurement of left ventricular diameter and contraction
velocity by ultrasound

Previous Serial No.: None

Principal Investigators: Edward B. Stinson, M. D.

Glenn Rohmoeller
Andrew G. Morrow, M. D.,

Cooperating Unit: Biomedical Engineering and Instrumentation Branch

Project Description: Internal left ventricular transverse diameter in dogs

is measured continuously and instantaneously by ultrasound methods. Lead
titanate-zirconate piezoelectric crystals, which oscillate at eight megahertz

in the thickness mode when stimulated electrically, are cut into 6 mm.

diameter disks and mounted in lucite housings. Two crystals are implanted

on the endocardial surface of the left ventricle across the maximum internal

transverse diameter and the electrical leads are exteriorized. One crystal

is pulsed and the receiving crystal monitoredo Sound travels through blood

at a speed of 1.5 millimeters per microsecond. By processing the receiving

amplifier output with a tracking gate, similar to the type of electronics
system used by the military to track rockets, an analog output proportional

to left ventricular diameter is displayed on a scope or chart recorder

o

Results: Preliminary results indicate that with the tracking gate the

system is practical . Several dogs have been successfully monitored during
exercise.

Proposed Course: The piezoelectric crystals are being evaluated as to their
antenna properties and sonic techniques are being applied to maximize beam
wtdili and range.
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Serial No. NHTJ-63
1, Clinic of Surgery

3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Effects of chronic cardiac dener^/ation on the cardiac

resDonse to exercise

Previous Serial No< None

Principal Investigators: Edward B. Stinson. M. D.

Andrew G. Morrow, M. D.

Project description: An intact dog model has been developed to evaluate

instantaneous cardiac responses to treadmill exercise. After preoperative

treadmill training, animals are chronically instrumented by implantation

of miniature, solid-state pressure transducers in the left ventricle and

aorta, a flow transducer around the ascending aorta, piezoelectric crystals

on the endocardial surface of the left ventricle across the maximum trans-

verse diameter, and pacing wires. Experimental subjects are cardiac-denervated

by regional neural ablation. After recovery from operation, the dogs are

studied at rest and during exercise and the following parameters are

measured directly or derived offline from magnetic tape recordings: heart

rate, cardiac output, stroke volume
,
peak ejection velocity, acceleration of

ejection, left ventricular peak systolic and end-diastolic pressure, left

ventricular dp/dt, aortic phasic and mean pressure, stroke work and power,

left ventncular diameter, volume, and rate of circumferential fiber shorten-

ing. The effects of heart rate control and pharmacologic autonomic
blockade on exercise response in both normal and cardiac-denervated animals
are also being evaluated.

Results: Preliminary results in two cardiac-denervated and three control
dogs indicate that profound alterations from normal adaptive mechanisms
are induced by cardiac denervation. In particular, they illustrate a major
role for the Frank-Starling mechanism in the response of the denervated
(and by inference, the transplanted) heart to physical stress. At present
the collection and analysis of data have not been completed.

Proposed course. To be continued.
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Serial No. NHLI-64
1 . Clinic of Surgery

3. Bethesda. Md. 3.

Project Title:

PHS-NIH
Individual Project Reports

July 1, 1970 through June 30, 1971

The effects of chronic right heart failure on left

ventricular function

Previous Serial No. None

Principal Investigators: John W. Yarbrough, M. D.

Robert L. Reis, M. D.

Other Investigators: David Melvin, M. D.

Jefferson Hollingsworth, M. D,

David Conkle, M. D.

Project Description: Left ventricular function curves were inscribed by

means of a right heart bypass preparation at constant heart rate and

aortic pressure in 17 American foxhounds. In 7 dogs, severe right heart
failure had been produced by creation of tricuspid regurgitation and
pulmonary arterial constriction 2-3 months previously. The normal foxhounds
served as controls. Left ventricular function curves were depressed in all
7 dogs with chronic right heart failure compared to the curves inscribed
in the control dogs. Dilatation and hypertrophy of the right ventricle
was evident in addition to hepatosplenomegaly, severe malnutrition, and
ascites in each of the 7 dogs with right heart failure.

The mechanism by which chronic right heart failure produces left
ventricular dysfunction has not been defined. Possibly, septal hypertrophy
alters left ventricular compliance and reduces left ventricular function.
Metabolic defects from malnutrition may play a mare direct role.

i:

lyi —•

u

^/3



Serial No. NHLI-65
1 . Clinic of Surgery
3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Evaluation of glutaraldehyde- fixed fascia lata as a material

for tissue valve leaflets

Previous Serial No, None

Principal Investigators: John W. Yarbrough, M„ D.

Robert L. Reis, M. D.

Other Investigators: Jefferson Hollingsworth, M. D,

David Melvin, M. D.

David Conkle, M, D.

Project description: Fascia lata was obtained from cadavers without the

use of sterile technique. The fascia was immediately used to construct

valves on the Reis-Hancock strut and then placed in 0.25% glutaraldehyde.
A portion of the fascia was sent for culture at the time of construction
of the valve and again at the time of implantation of the fixed valve in
the recipient.

Five Holstein calves and one sheep were used for implantation of the valves
in the mitral position. At the time of implantation all valves were sterile

to culture. The valves were noted to be very stiff and nonpliable. Two
calves survived for two months. The other animals died within 24 hours
from pulmonary edema. Postmortem examination showed the valves to be rigid,

but not incompetent. The two calves that survived for two months also died

from pulmonary edema. The valves were rigid and partially overgrown with
neo-intima

„

In vitro flow determinations across the valves showed them to be stenotic

and nonpliable. The rigidity of the valves in the two month survivors
demonstrated that the fixed fascia did not become more pliable after
implantation. It was, therefore, concluded that glutaraldehyde- fixed facia

lata is not a suitable material for use in constructing tissue valve
prostheses.

Proposed Course: Paper being prepared for publication.
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Project Title:

Serial No. NHLI-66
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Effect of positive pressure ventilation on pulmonary
vascular resistance

5

Previous Serial No.: None

Principal Investigators: Edward M. Mullin, M. D.

Robert E. Sloane, M. D.

Thomas Q. Winter, M. D.

Robert L. Reis, M. D.

Project- Description: It has been a clinical impression that positive pressure

ventilation with a volume controlled respirator can augment cardiac output

and stabilize the hemodynamic state in the immediate postoperative period.

This effect seems most pronounced in patients with elevated pulmonary-

vascular resistance secondary to long standing mitral valvular disease. To

document and quantitate this effect, patients undergoing mitral valve
replacement or open commissurotomy have been studied in the early postoperative

period. Hemodynamic assessements with PVR measurements were recorded using
first a volume respirator (Engstrom) , and then during spontaneous ventilation
via the Briggs adapter. Arterial blood gases were obtained with every

intervention, and the patient's clinical status noted. Measurements were

repeated during isuprel infusion.

Results: There is a statistically significant change in PVR (+607o) in

switching from the Engstrom to Briggs adaptor, which was slightly modified
by isuprel o The pH, pCO^, p02 were relatively constant but cardiac output

appears to decrease. Statistical analysis of these parameters is in progress.

Preliminary data indicate that there is a beneficial effect from the use of

positive pressure ventilation in the postoperative period.

Proposed Course: The manuscript is in process of preparation and will be

s.ioi.dtted for publication.
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Serial No, NHTJ-67rp\
1, Clinic of Surgery

3. Bethesda, Md,

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Evaluation of the operative treatment of mitral stenosis

Previous Serial No „ : None

Principal Investigators: Edward M. Mullin, Jr., M, D„

D. Luke Clancy, M. D.

Andrew C. Morrow, M. D.

Other Investigators: Lawrence Higgs, M. D.

Stephen Epstein, M. D,

Cooperating Unit: Cardiology Branch, NHLI

Project description: A study of closed mitral commissurotomies (CMC), open

mitral commissurotomies (OMC) , and valve replacements (MVR) for mitral stenosis

performed from 1964 through 1969 was undertaken, to compare clinical status

and catheterization findings. Records were reviewed for age, sex, rhythm,

clinical classification, evidence of emboli, mitral calcification, previous

and subsequent operations, and associated heart murmurs. Operative notes

vjere reviewed for presence of LA thrombus, attempts at CMC or OMC, and mitral

regurgitation incurred. Postoperative followup involved recording emboli,

cause of death if any, and calls or letters to all patients not seen within
the past year. Pre- and postoperative catheterization data were analyzed
for LA, RV systolic, LA-^LV gradient, CI, and MVA.

Results: The patients included 53 CMC, 20 OMC and 51 MVR. As expected the

MVR patients represented an older group with more advanced valvular disease,

a higher percentage of atrial fibrillation, equal sex distribution, more LA
thrombi, and a higher operative mortality. There was no mortality in the

CMC group, though four patients required subsequent operations. Two patients
undergoing OMC succumbed (10%) . Comparison of the catheterization data
reveals that the best results were obtained in CMC and indicates that thi? is

a satisfactory and safe operation in selected patients.

Proposed Course:
publication.

A manuscript is in process and will be submitted for
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Serial No. NHLI-68(c)
1. Clinic of Surgery
3, Bethesda, Md„

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Closure of atrial septal defect with a perforated patch

Previous Serial No „ : None

Principal Investigators: Edward M. Mullin, M. D.

Robert L. Reis, M. D.

Project Description: The hemodynamic effects of patch closure of atrial
septal defect have been well described, and the operation itself has become
a relatively routine procedure » In a small group of adults, however,
preoperative cardiac catheterization has suggested the possibility of left-
heart decompensation with complete closure of an ASD. Two such patients
have recently undergone operative repair of ASD using a perforated Teflon
patch, to allow residual left- to-right shunting and to prevent sudden
cardiac failure. The pre- and postoperative course, the catheterization
data, and operative techniques have been reviewed and form the content of
this project.

Results: In the first patient (K.D.) , careful intraoperative pressure
recordings as the ASD was closed are complimented by pre-and postoperative
catheterizations. In the second (M.W„) postoperative data are pending
though preoperative assessment was thorough.

Both patients have had long and complicated postoperative courses with
evidence of LV failure. The successful use of a perforated interatrial
patch to allow left heart decompression is a reportable technique and bears
further investigation.
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Proposed course:
publication.

A manuscript is in progress and will be submitted for T) <-)
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Serial No. NHLI- 69<c)

1. Clinic of Surgery

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Augmentation of myocardial contractility with coronary

bypass grafts

Previous Serial No.: None

Principal Investigators:

Cooperating Unite:

Edward M. Mull in, M. D.

Robert E. Sloane, M. D.

Robert L. Reis, M. D.

Kenneth Kempner, M. A.

Computer Systems Laboratory, DCRT

Project Description: Coronary bypass vein grafts are presently being

performed in patients with coronary atherosclerosis and angina with the

rationale that increased coronary blood flow beyond the point of obstruction

will result in improved coronary perfusion. This improved perfusion sho'jld

reflect itself in augmented contractility of the ischemic myocardium. The

present study was designed as an intraoperative assessment of LV contractility

by means of computer analysis of high fidelity LV pressure recordings. The

contractile state was quantified by using V^gj^ based on a graph plot of

dp/dt/P against P (either total or derived) .

Recordings of LV and Ao pressure were made after the vein grafts were
constructed, and the patient successfully separated from bypass. Contractility
was then measured with the graft (or grafts) open or occluded for 3--5

minutes. Where possible, this sequence was performed in duplicate. Changes
in contractile state were correlated with vein graft flow as measured by

individual flow probes.

' o — •max- '•" K---~ --" -—
graft flow, there was a significant (30%) augmentation of the contractile
state. This method of analysis of the effect of coronary vein grafts has
merit and warrants further investigation.

Proposed course: Continued application of intraoperative contractile
assessment of the effects of coronary bypass grafts.
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Serial No. NHLI-70
1. Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title; The effect of protamine sulfate on myocardial contractility

in the intact dog

Previous Serial No.: None

Principal Investigators: Gordon N. dinger, M. D.

Robert E. Sloane, M. D.

Edward B. Stinson, M. D.

Andrew G. Morrow, M. Do

Project description: Normal adult dogs were instrumented with aortic flow

probes and solid state aortic and left ventricular pressure transducers
and were studied in the intact state several days after recovery from
operation. Two dogs also had regional cardiac denervation. Animals were
studied while sedated and determinations made on-line (utilizing analog
computation of left ventricular dp/dt/P plotted against P, i.e., contractile
element velocity) with use of V^^ as an index of myocardial contractility.
The effect of therapeutic dosage of protamine sulfate given intravenously
was evaluated in each dog both in the normal resting state, and, during
another study, after beta-adrenergic blockade with propranolol. Preliminary
data have shown no effects on contractility in these preparations. A small

number of dogs similarly instrumented were subjected to standard periods of
cardiopulmonary bypass and protamine sulfate evaluated following cessation
of bypass. Small decrements in contractility have been observed under these
circumstances. Protamine sulfate has shown no effect in the normal dog

made acutely hypertensive with neosynephrine.

These preliminary data indicate that protamine sulfate does not have

a direct negative inotropic effect on the normal canine myocardium. Its

action on the nyocardium following cardiopulmonary bypass indicates some

vasoactive influence which remains to be elucidated. The mechanisms of this

action are currently under evaluation.

Proposed Course: Further elucidation of the mechanism of action of

protamine sulfate on the peripheral vascular system. To be submitted for

publication.
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Serial No. NHLI-71
1. Clinic of Surgery

3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Proiect Report

July 1, 1970 through June 30, 1971

Evaluation of the effects of corticosteroids on myocardial

contractility

Previous Serial No. None

PrinciDal Investigators: Paul L. Teclclenberg, M. D„

Edward B. Stinson, M. D.

Andrew G. Morrow, M. D.

Project Description: Eleven normal, nine chronic cardiac denervated (four

after beta-blockade with propranolol), and five acutely adrenalectomized

and cardiac denervated dogs were studied on cardiopulmonary bypass, at

constant coronary blood flow, by means of an isovolumic left heart preparation.

Methyl-prednisolone (MP), 15-30 mg./Kg., was given IV and changes in myo-

cardial contractility were assessed by measurement of left ventricular peak
pressure (LVP) , LV dp/dt, and LV contractile element velocity (niax V).

Results: In normal dogs MP caused significant enhancement of myocardial
contractility (LVP + 217., LV dp/dt + 27%, max V + 22%, P < .01 in all).
Chronic cardiac denervated animals showed similar effects, but with
significantly greater responses than normal dogs in LVP and LV dp/dt (P < .01) .

These changes were greatly attenuated or abolished in beta-blocked-denervated,
and in acutely adrenalectomized and denervated dogs.

The results of this study confirm an acute positive inotropic effect of MP
in vivo, but suggest that this influence is mediated indirectly by the
release and/or potentiation of endogenous catecholamines.

Proposed Course: Manuscript to be submitted for publication.
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Serial No. NHLI-72
1. Clinic of Surgery
3. Bethesda, Md,

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Mechanisms of the pulmonary vascular response to hypovolemic

shock

s-

Previous Serial No.: None

Principal Investigators:

Other Investigators:

Frederick H. Levine, M. D.

Robert L. Reis, M. D.

Jefferson F. Hollingsworth, M. D.

David M. Conkle, M. D„

Project Description; Increased pulmonary vascular resistance (PVR) which
occurs with hypovolemic shock (S) is thought to be related to both neural
and humoral factors » The pulmonary and systemic circulations were separately
perfused by two pump oxygenator systems. Neural pathways were intact but

humoral isolation of the circulations was confirmed. A pulsatile pump was
employed in the systemic circulation and stroke volume was adjusted so that
mean arterial pressure was 100 mm. Hg. Systemic and pulmonary arterial

p02 and pC02 were maintained physiologic. Pulmonary blood flow, systemic
blood flow, pulmonary arterial, left atrial, and systemic arterial pressures
were continuously recorded. PVR was assessed before and after (S) by
resistance- flow curves constructed by increasing pulmonary flow from 50-200
cc./Kg./min. (S) was produced by decreasing stroke volume until mean
arterial pressure was 30 mm. Hg . Twenty experiments were performed on ten
dogs. PVR was unchanged when assessed 5 minutes after (S) was induced.
One liter of blood (physiologic pH) obtained from the systemic circulation
10 minutes after (S) was added to the pulmonary circulation; PVR increased
from561 + 70 (dynes-sed-cm"^) to 748 + 90 (p^.05). Systemic acidosis
9pH 7.14 + .06) developed after 30-45 minutes of (S) but the PVR remained
unchanged. When the pH of the pulmonary blood was decreased (7.08 + .08)

by lactic acid infusion PVR increased from 521 + 104 to 794 + 130 (p <.05).

Thus neither systemic hypotension (baroreceptors) nor metabolic acidosis
in the systemic circulation (chemoreceptors) produced reflex changes in PVR.
Increased PVR in (S) results from the effects of humoral factors on the lung.

Proposed Course: Project com.pleted - abstract submitted for publication.
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Serial No. NHLI-73
1. Clinic of Surgery

3. Bethesda, Md

.

PKS-NII-I

Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Hemodynamic effects of bretylium tosylate in the intact dog

Previous Serial No.: None

Principal Investigators: Robert E. Sloane, M, D.

Gordon N. dinger, M. D.

Edward B. Stinson, M. D.

Andrew G. Morrow, M. D.

Project Description: Controlled studies of the inotropic effect of bretylium

tosylate have been done in vitro . However, data obtained from intact mammals

is inconclusive. Miniature solid state pressure transducers were implanted

in the left ventricle and proximal aorta of dogs. Aortic flow probes and

atrial pacing wires were placed as well. From 3 to 7 days postoperatively,
the animals were studied in intact state. Myocardial contractility was
determined by extrapolating to V^ax the linear isovolumic portion of the

vector loop produced by dp/dt/P-LVED displayed against P-LVED on an

oscilloscope. Control Vniax> dp/dt, LVP, LVEDP, AoP, and cardiac output

were compared before and after administration of bretylium tosylate 5 mg./Kg.

Results: The study is at present in progress so that results are preliminary'.

A biphasic rise in V^ax was noted in the order of lO-ACX; dp/dt also rose

10-1007„. LVP rose, LVED fell, mean AoP increased and C .0 . did not change

significantly. The inotropic effect of the drug was confirmed. Prior

administration of propranolol 0.5 mg./Kg. completely abolished the biphasic

inotropic action of bretylium. Further studies of the mechanism of action

are in progress.
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Serial No. NHLI-74
1. Clinic of Surgery
3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

The use of isobutyl cyanoacrylate in microvascular
anastomosis

Previous Serial No.: NHLI-87

Principal Investigators: Sherman G. Souther, M. D.

Sidney Levitsky, M. D„

Andrew G. Morrow, M. D.

Other Investigator:

Cooperating Unit:

William C. Roberts, M. D.

Pathology Section, Cardiology Branch, NllLI

Project Description: The infrarenal abdominal aorta in albino rats weighing
120 to 480 grams was divided between occluding clamps, and stay sutures
of 8-0 and 9-0 nylon were placed. Isobutyl cyanoacrylate was applied to

the approximated edges of the divided vessel, and the clamps were removed.
The animals were sacrificed at intervals varying from 24 hours to 6 weeks,
and sectioiB of the anastomoses were obtained for histologic study. This
group of rats was compared to a control group in which anastomoses performed
with a continuous suture of 8-0 or 9-0 nylon.

Results: Five of 28 anastomoses in the isobutyl cyanoacrylate group became
occluded, and 1 of 24 anastomoses in the suture group became occluded.
Comparison of sections through patent anastomoses revealed a more marked
and prolonged acute and chronic inflammatory response in the vessels in

the isobutyl cyanoacrylate group than in the suture group. In addition,
degeneration of the media and deposition of calcium occurred in the vessels
in the isobutyl cyanoacrylate group.

Propoyed Course: A manuscript has been prepared from these data and has

e2n submitted for publication. The project is completed.
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Serial No. NKLI-75
1. Clinic of Surgery

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Prolongation of cardiac allografts in the rat by alloantisera

Previous Serial No.: None

Principal Investigators: Sherman G. Souther, M. D,

Edward B. Stinson, M. D.

Andrew G. Morrow, M. D.

Project description: Survival of heterotopic (abdominat) heart allografts

was studied in inbred rats. Nine control Lewis rats (L) rejected (loss

of EKG activity) Brown Norvjay (BN) grafts in 6,4 + 0.7 (S.D.) days.

Thirteen L rejected hybrid (LBN) grafts in 14 + 3.4 days. IV administration
of 10^ BN or LBN bone marrow cells to seven L and spleen cells to five L

seven days preoperatively caused significant prolongation of BN grafts to

11.7 + 3.3 and 9.6 + 2.1 days respectively (p ^ .05) . Administration of BN
bone marrow or spleen cells to 10 L did not cause significant prolongation
of LBN graft survival. Serum obtained from L seven days after injection
with either 10 'BN or LBN spleen cells was given IV intraoperatively and for

nine days postoperatively (total 8 ml.) to each of four L with BN grafts,
and prolonged survival to 11.0 +2.4 days (p <.05). Control sera did not
prolong graft survival.

Alloantiserum prolongs survival of cardiac allografts in the rat, although
less dramatically than previously shown for renal grafts.

Proposed course: The project is completed and a manuscript will be prepared.
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Project Title:

Serial No. NHLI-7 6

1 . Clinic of Surgery
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Mixed leucocyte reaction (MLR) as an assay for the presence

of enhancing alloantiserum

S

ft-

Previous Serial No.: None

Principal Investigators: Sherman G. Souther, M. D.

Edward B. Stinson, M, D.

Robert 0. Gordon, M. D.

Andrew G. Morrow, M. D.

Other Investigator: Joost J. Oppenheim, M. D.

Cooperating Unit: Laboratory of Microbiology, NIDR

Project description: Alloantisera that enhance survival of heterotopic
(abdominal) heart allografts in inbred rats were tested in MLR. Lewis (L)

rats administered 10' Brown Norway (BN) rat bone marrow or spleen cells
intravenously (IV) 7 days prior to transplantation exhibited significant
prolongation of BN graft survival. Passive administration to normal L rats
of serum obtained from L rats 7 days after such IV immunization similarly
prdonged BN graft survival. The unidirectional MLR of normal or presensitized
L with irradiated BN spleen cells was also suppressed by this immune serum
as compared to MLR's containing normal L serum. However, washed splenic
leucocytes from these presensitized L rats when incubated in normal L serum
showed increased proliferative activity to irradiated BN spleen cells.
Since these L cells after removal of "enhancing" serum were very active in
the MLR, this suggests that enhancement rather than central tolerance was
the mechanism of graft prolongation. Twenty percent alloantiserum decreased
the MLR of unsensitized L with irradiated BN as much as 6- fold. Decreasing
degrees of suppression were demonstrated with 10% and 5% antiserum, and none
with 2.57o. Alloantiserum suppression of MLR remained demonstrable in the
absence of hemolytic complement. These suppressive antisera have no cytotoxic
effects in microcytotoxicity assays. Immunologic specificity was demonstrated
because "enhancing" serum failed to suppress the MLR of L and irradiated
ACI rat leucocytes. Thus, inhibition of MLR can be used as an assay for
the presence of "enhancing" alloantiserum.

Proposed course: The immune serum is being evaluated for specific antibody
and the importance of the complement fixing fragment.
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Serial No, NHLI-77
1, Clinic of Surgery

3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Immediate in vitro leukocyte DNA synthesis:

indicator of heart allograft rejection
An early

Previous Serial No, None

Principal Investigators: Shemian G. Souther, M. D,

Edward Bo Stinson, M. D.

Robert 0. Gordon, M. D.

Andrew G. MorroxN^, M. D.

Other Investigator: Joost J. Oppenheim

Cooperating Unit: Laboratory of Microbiology, NIDR

Project description: The in vitro DNA synthesis by splenic leukocytes from

Lewis (L) rats bearing heterotopic (abdominal) Brown Norway (BN) rat heart

allografts was studied. Allografts in nine L rats were rejected (loss of

EKC activity) in 6.4 + 0.7 (S.D.) days. Twelve L rats were sacrificed at

days 1-6 (2 each day) after grafting; the allografts were excised for

pathologic study, and the spleens were removed for study of leukocyte DNA

synthesis. One tici of H-thymidine was added to a suspension of 3 x 10

L leukocytes in 1.5 ml. RPMI 1640 culture medium supplemented with 107= fetal

calf serum. After two hours of incubation at 37° C, the cells \<iere washed
with isotonic saline and treated with 57=, TCA at 4° C . The acid precipitable
radioactivity was determined. Mean counts per minute (cpm) of 12 normal L

rat spleen cell suspensions was 527 + 165 (S.D.) (range 204-734). Mean cpm

of animals with allografts were increased above normal L as follows: day 2,

1.3x; day 3, 2.Ox; day 4, 2.4x; day 5, 7.2x, and day 6, 7.5x. By day 3

the increase in DNA synthesis was significantly elevated above normal, and
there was no overlap with the range of normal L rats. Sham operated animals
showed no increase in lymphocyte activation. Changes in the status of the

grafts determined by palpation and EKG were inconsistent and were invariably
preceded by increased _in vitro leukocyte DNA synthesis by at least 48 hours.

Proposed Course: These studies will be continued utilizing peripheral
blood leukocytes in dogs bearing orthotopic cardiac grafts.
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Serial No. NHLI-78

3.

Clinic of Surgery
Be the s da, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Creation of aorto-pulmonary shunts with cyanoacrylate
tissue adhesive

Previous Serial No. : None

Princpal Investigators: Sherman G. Souther, M. D.

Edward B. Stinson, M. D.

Andrew G. Morrow, M. D.

Project description: A rapid method of creating aorto-pulmonary shunts was
devised. Through a left thoracotomy in dogs, the common adventitia between
the aorta and main pulmonary artery was opened, and the aorta and pulmonary
artery were approximated with isobutyl cyanoacrylate or fluoroeikyl cyano-
acrylate. Through a purse-string suture on the opposite wall of the

pulmonary artery, a large needle was inserted into the pulmonary artery
and then into the aorta. The needle was removed, and a Fonkalsrud septectomy
punch was inserted into the aorta through the tract made by the needle. The
wall of the aorta and pulmonary artery in the area approximated with the

tissue adhesive was engaged with the punch and a portion was removed. The
purse-string suture was tied. A good thrill in the pulmonary artery indicated
a satisfactory shunt.

Results: Thirty-two dogs, 18 adults and 14 puppies, had shunts performed.
A 5 mm. diameter punch was used in adults, and a 3 mm. punch was used in
puppies. Four adults and one puppy died from intraoperative hemorrhage;
one adult and one puppy died from late postoperative hemorrhage. In five
adult dogs, the operation was done without dissection of the aorta and
pulmonary artery and without application of the glue. These animals were
considered a control group. Three months after operation, two adult dogs
with continuous murmurs were reoperated, and 2 mm. and 3 mm. shunts were
closed using total cardiopulmonary bypass. These dogs survived without
difficulty. The remainder of the 11 adults were sacrificed three months after
operation. Two dogs had continuous murmurs, and each had a 2 mm. shunt at

autopsy. The remaining nine dogs had no murmur, and at autopsy the shunt
was completely closed.

Proposed course: The puppies will be followed for one year to evaluate the

late results of operation.
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ANNUAL REPORT OF THE

EXPERIMENTAL THERAPEUTICS BRANCH
NATIONAL HEART AND LUNG INSTITUTE

July 1, 1970 through June 30, 1971

BIOCHEMICAL PHARMACOLOGY

I. Biochemistry of Neurohumoral Amines

Enzymes of the Pineal Gland . A protein fraction from rat liver was found

to stimulate tryptophan hydroxylase isolated from beef pineal. Since the

fraction appears identical to liver phenylalanine hydroxylase, we believe
that these two hydroxylating enzymes are similar and that substrate specific-

ity may be determined by various subunit combinations. Hydroxyindole 0-

methyltransferase (HOMT) has been purified from beef pineals and shown to

have a molecular weight of about 78,000, consisting of 2 identical subunits
of 39,000. This enzyme is a major protein of the pineal representing 4%

of the total soluble proteins in this gland. HOMT exists in 2 higher molec-
ular weight forms and in 2 differently charged species. It is possible that
conversion of one form to another may result in changes in enzyme activity
noted during diurnal variations. Protein kinases may play a key role in

control of such diurnal rhythms acting either at a transcriptional level
(histone phosphorylation) or by modifying enzymes directly. Bovine pineals
were found to contain active protein kinases which are strongly stimulated
by cyclic AMP. At least two of these kinases have been partially purified.

Serotonin : Chronic transection (5 weeks) of spinal cord in cats results
in an 80% loss of tryptophan hydroxylase and serotonin content. Since all
the descending serotonergic fibers degenerate, residual serotonin and
synthetic enzyme suggest the presence of serotonergic interneurones. Other
studies in cats demonstrate that administration of 5-hydroxytryptophan
enhances monosynaptic reflexes and that tricyclic antidepressant drugs
act synergistically to greatly enhance the effect. This finding has rele-
vance to clinical situations such as hypotonia in Down's syndrome.

Other studies reveal the following: 1) serotonin synthetic rates and

tryptophan hydroxylase levels are not altered in morphine addicted mice,
contrary to reports from other laboratories; 2) there is no change in the
level of tryptophan hydroxylase during REM sleep deprivation in rats,
although others report an increase in serotonin turnover; and 3) using a

system for continuous monitoring of gastric secretion in the rat, an
inhibitory effect of serotonin (i.v.) on histamine stimulated secretion was
observed while 5-hydroxytryptophan had no effect.

Histamine : The development of new methods of assay for histamine and
its metabolizing enzyme, histaminase, has permitted more definitive studies
on this compound. The gastrointestinal tract contains the highest amount of
histaminase in the rat, although appreciable amounts exist in the adrenals,
pancreas and thymus. Histaminase activity is increased in the thymus of
spontaneously hypertensive (SH) rats compared to controls. The rise in
plasma histaminase following dosing with heparin was accompanied by a severe

ill:
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depletion in the intestinal content of the enzyme. The plasma level of

histaminase returned to normal within 5 hours and the intestinal level vas

restored within 10 hours.

The possible role of histamine in inflammation and sv;elling was examined

using the heat injured paw of the rat. Heat injury caused a 70% depletion
of histamine in paw skin, substantial swelling and a 5 to 10-fold increase

in the histamine content of paw exudate. Prior depletion with the histamine
liberator 48/80 partially blocked the effects. Compound 48/80 causes the

release of histamine from mast cells by an energy requiring reaction. The

release is strongly inhibited in vitro by dibutyryl cyclic AMP and a variety
of compounds which inhibit phosphodiesterase. It appears that cyclic AMP

is involved in release of histamine from mast cells.

Catecholamines : The brainstem levels of norepinephrine in spontaneously
hypertensive (SH) rats are 20 to 30% less than those of normal rats. It was
found that the aromatic L amino acid decarboxylase in the brainstem was

decreased by 50% possibly accounting for the lower norepinephrine content.

A number of studies were done using catecholamine precursors to replete the

brainstem levels. A significant inverse correlation between blood pressure
and brainstem norepinephrine was observed. Peripheral administration of

6-hydroxydopamine which destroys a large percentage of the peripheral
sympathetic nerves was not effective in reducing the blood pressure in the

hypertensive animals. The plasma renin activity of SH rats was found to be

distinctly elevated. This renin activity appeared to be of extrarenal origin,

but no direct correlation between this enzyme and catecholamines has been

established.

II. Metalloproteins

The primary amino acid sequence of the iron-sulfur protein, rubredoxin,
has been largely completed. The points of major interest are the finding
of N-formylmethionine at the N terminus and the positioning of the

cysteinyl residues. The sulfhydryl groups of these 4 cysteinyl residues form

the ligands for the iron atom and are arranged in a tetrahedron. Evidence
for this type of binding has been obtained by near infrared absorption and

circular dichroism and by Laser-Raman spectroscopy. There does appear to be
a distortion in the tetrahedral symmetry as evidenced by highly dichroic
single crystal absorption spectra and splitting of the d -> d transition bands

in the near infrared. These observations have been confirmed by x-ray
crystallographic analysis.

The techniques for measuring absorption and circular dichroism of protein

solutions in the near infrared have been applied to plant ferredoxin, and
adrenodoxin. A.t least one of the two iron atoms in each of these proteins

is bound in a tetrahedral configuration. Spectral analysis also indicates

that there is significant interaction between the two iron atoms in each

molecule. Based on these observations and other reported physical studies,

a model for the active center of these two important iron-sulfur proteins

has been proposed.
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PHYSIOLOGICAL CHEMISTRY

I. Factor XIII and Fibrin Crosslinking

Fibrin clots from normal plasma contain approximately 6 moles e-(Y~
glutamyl) lysine crosslink per mole fibrin, whereas clots from individuals
with Factor XIII deficiency contain little or none of this crosslink
(0.02-0.64 mole/mole). Thus, recurrent bruising and bleeding, and abnormal
wound healing in these cases may be due to the lack of e-Cy-glutamyl) lysine
formation.

II. Kinin System

The purification of human and rat urinary kallikreins has permitted the
development of an improved assay for urinary kallikrein, which has been
applied clinically. In SH rats urinary kallikrein was significantly elevated
(at 11 and 16 weeks) above that in control animals. Significant progress
has been made in the purification of what may be a specific activator of

prekallikrein which the data indicate arises from inactive Hageman factor.

Antibodies to hunan and rat urinary kallikrein have been prepared. Both

block action of the enzyme on kininogen but ester hydrolysis is not affected.
The principle of affinity chromatography has been used in the purification

of human prekallikrein activator, human kallikrein and human kininogens.

III. New Biologically Active Peptides

The peptide nature of villikinin has been more firmly established with

studies on material of bovine origin. As with canine material, bovine
villikinin is a low molecular weight substance which can be purified on

cation exchange resins. It is also inactivated by Pronase, papain and

chymotrypsin and not by trypsin. In confirmation of work elsewhere a pressor

substance was found in the plasma of dogs following bilateral renal artery

ligation. The biologic spectrum of activity is similar to that of angioten-

sin I, but not angiotensin II. Boiling the plasma abolishes activity sug-

gesting an angiotensin I-protein complex. The bald-faced hornet venom sac

was shown to contain 1-5 mg of serotonin and histamine, as well as hypotensive
substance which may also be a peptide. Eight synthetic analogues of ranaten-
sin (undecapeptide) were tested for hypotensive and uterine stimulant

activity. The c-terminal nona and deca peptides were fully active, while
Val^-Ala^ ranatensin was inactive on blood pressure and the uterus.

IV. Biochemical Analysis

Droplet countercurrent chromatography (DCCC, earlier described by us) has

been further developed with the construction of an even simpler unit con-

sisting of only teflon tubing. DCCC has been used for the separation of

peptides, proteins, and ribonucleic acids. Reproducibility is excellent,

elution volumes are accurately predicted from the partition coefficient and

recovery is quantitative with as little as 1 pg of material. Another form

of countercurrent chromatography, gyration locular countercurrent chromatog-

raphy (invented in LTD, NHLI) , has been evaluated and found to have higher

resolving power and speed of analysis than DCCC, but lower capacity and more
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complexity in execution.

The gas chromatographic (GC) method for the analysis of phenylthiohydan-

toin derivative of amino acids has been improved by: development of a new

blend of stationary phases that gives better isolation and faster analysis;

the use of helium as carrier gas; and high temperature conditioning of the

columns. Methylthiohydantoins were also studied and separated with greater

resolution than hitherto obtained. Chemical ionization mass spectrometry

(Ci;iS, performed by LC, NHLI) was compared to GC for assay of phenylthiohy-
dantoins; while GC is simpler, the CIMS method has the potential of greater

sensitivity and speed of analysis when used with a computer and automatic

sample applicator.

EXPERIMENTAL MEDICINE

I

.

Histamine

A specific radioassay for histamine in urine has been developed. Normal
histamine excretion averaged 11 yg/24 hr (n=16) with a range of 3 to 40;

these values are lower than that found with less specific (e.g. fluorescence)
assays. S-^H-histamine has been prepared enzymatically and its fate studied
in 6 patients. The 3--^H label permits distinguishing between the activity 1

of histaminase (diamine oxidase) which releases tritiated water and the <

activity of monoamine oxidase which leads to formation of tritiated acidic
metabolites. Histaminase activity accounted for the metabolism of only 5

to 8% of the injected histamine. Histamine-N-methyl-transferase and monoamine
oxidase are the more important enzymes in histamine metabolism, and not
histaminase as aad been thought previously. We have found abnormally high
levels of serum histaminase in 15 of 23 patients with medullary carcinoma of
the thyroid. High levels of histaminase activity are also present invariably
in tumor tissue. Thus, serum histaminase activity serves as a useful
diagnostic tool and tissue histaminase activity serves as a tumor marker.
Plasma histaminase activity increases markedly after small doses of intra-
venous heparin, the response being similar to that of plasma lipoprotein
lipase activity. Four patients with Type I hyperlipoproteinemia and one
with Type IV had subnormal responses of serum histaminase activity to both
low (10 units heparin/kg) and high (75 units/kg) doses of heparin. The
relationship of histaminase to lipolysis, if any, is unknown.

II. Kallikrein

Kallikrein is an enzyme which controls the production of bradykinin, the
most potent vasodilator known. An improved esterolytic assay has been used
to study extensively the excretion of urinary kallikrein in man. Significant
differences from normal were found in hypertensive subjects, e.g. a mean of
3.8 enzyme units (per 24 hr) in male hypertensives compared to 9.0 in normal
men. Two hypertensive subjects had no detectable urinary kallikrein; a possi-
ble genetic relationship is being studied.
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III. Cardiovascular Drugs

>G<-266 (a benzyl ether of metaraminol) has been administered to 7 patients
with essential hypertension. At doses of 30 to 800 mg/day there were slight
to moderate decreases in blood pressure, most marked usually on the early
morning standing pressure. Three patients had significant changes in SCOT
and SGPT levels which were probably drug related. The drug is not a good
source of metaraminol since only 1% of the administered drug could be re-
covered as metaraminol in the urine.

i.

A technique has been developed for studying the reactivity of small strips
of human temporal artery _in vitro . Tissue has been obtained from seven normo-
tensive neurosurgical patients. Dose-response curves, and the agonist-
antagonist values for alpha adrenergic receptors were found to be comparable
to those of animal blood vessels. This technique holds great promise for pre-
cise evaluation of vascular responsiveness in patients (hypertension, etc.).

IV. Collagen Metabolism

Seventy per cent of 54 patients with hepatoma were found to have abnormally
high values of serum protocollagen proline hydroxylase (PPH) activity. This
is comparable to the occurrence of alpha-fetoprotein in hepatoma. Thus,
serum PPH activity serves as a useful diagnostic test for hepatoma and we
are now studying it serially to evaluate the effects of therapy. Elevated
serum PPH activity also seems to indicate liver cell injury and has been
found to rise acutely in both man and rabbits 24 hours after exposure to
fluorinated hydrocarbon anesthetics. In tissues PPH activity is a good in-
dicator of the rate of collagen synthesis. We have found that PPH activity
is markedly elevated in the skin of patients with scleroderma and in keloid
and hypertrophic scars. These findings help to explain the excessive collagen
found in these conditions and provide more insight into pathogenesis and
treatment.

NEUROENDOCRINOLOGY

I. Taste

We have hypothesized that some form of chemical sieving controls the non-
specific portion of pre-neural taste events. Experiments demonstrating in-
hibitory effects of thiol-containing drugs and amino acids support this con-
cept. Locally applied proteases affect all taste qualities and suggest that
these enzymes are effective on protein of the taste bud exposed to the oral
environment. We suppose this protein is part of the membrane of the pre-
dominant cells of the taste bud, the type I receptor cell. There is also
a specific portion of the pre-neural events of taste which relate to each
taste quality. The specific taste events are most probably involved with
the binding of tastant to the receptor membrane.

E"

We have described an equation by which taste phenomena occur in normal man
and in patients with various abnormalities of adrenal cortical function. This
equation is:

K (T)"
'-

' -"-max K (T)^+ 1
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where I is the intensity of tastant at concentration (T) , Ipiax' ^^^^ maximum
intensity at highest (T) and K is a constant. The model which is described

by this equation would explain why intensity functions in taste reach a

maximum at high tastant concentrations; taste molecules would complex with

all available receptor molecules and introduction of more tastant could not

form more complexes. Deficiency and excesses of carbohydrate-active steroids

in man may affect the pre-neural events of taste by directly affecting the

binding constants by which tastant-receptor molecule complexes occur or by

affecting the stoichiometry of binding. Our data demonstrate that excessive
and inadequate amounts of these steroids decrease the binding constants for

all taste qualities because the intensity curves are all shifted to higher

concentrations. Apparently there is a concentration of steroid at which

intensity is maximal for a given tastant concentration and either an excess

or a deficiency of steroid lowers the intensity.

We have placed the entire problem of taste acuity within the framework of

medical practice. The prevalence of the disease. Idiopathic Hypogeusia,
which we have recently described, indicates the need for an awareness and

an understanding of the loss of taste. Results of a single blind study in-

dicate that oral administration of zinc is beneficial in patients with this

disorder although the mechanism is not yet known. Injection of Zn"-* in rats

demonstrated that the tongue was one of the most active tissues in accumula-

ting label, behind bone and liver. Correlating these studies with those pre-

viously noted in which zinc was found in the epithelial layer of papillae by

laser microprobe spectroscopy suggest that taste bud bearing papillae and

perhaps even taste buds themselves may avidly take up zinc.

II. Olfaction

We have limited the role of vitam.in A in olfaction to one which involves
retinol binding protein (RBP) and vitamin A alcohol, separated abnormalities
of vision from olfaction in hepatitis and clarified the interrelationship
between olfactory function and gonadal function in lower mammals. An ex-
haustive report (5,000 citations) on the molecular basis of olfaction has
been prepared for the Office of Naval Research during this past year; the
requirements which an adequate molecular theory of olfaction must satisfy
have been established.

III. Trace Metal Metabolism

1. Metals and Hormones . We have found that the A -3 hydroxysteroid-
dehydrogenase-isomerase step in steroidogenesis in rat and cat requires
copper. Tissue metal concentrations are dependent on endogenous adrenal
steroids. The liver appears to be an important source of metals which are
mobilized by increased amounts of circulating adrenocorticosteroids. Serum

concentrations of copper and zinc are influenced by both estrogen and
progesterone, but not by LH or FSH. It is interesting that intrauterine
devices coated with copper are more effective in controlling fertility than

the same devices coated with Teflon. We have established that serum con-
centrations of copper (also ceruloplasmin) and zinc exhibit circadian changes

parallel in time to secretion of Cortisol; similar changes were observed for

urinary copper but not zinc. Interestingly, these changes are not abolished
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by blocking endogenous adrenocortical or ACTH secretion for 3 days.

2. Metal-Protein Interactions . Metals in urine are not "free" but rather
appear as ligands with relatively small molecular weight peptides or proteins.
Two distinct metal containing proteins have been identified in dog kidney.
One (MW 34,000) contains equal amounts of copper and zinc and is probably
cytocuprein. The other (MW 10,000) corresponds to metallothionein in size
but contains only copper, without zinc or cadmium. Kidney metallothionein
may differ significantly in different animal species.

3. Metal-Neurotransmitter Interactions . Metals are generally inhibitory
of the uptake of norepinephrine (NE) and choline (Ch) by brain synaptosomes
and for the activity of both Na-K activated and Mg activated ATPase activity.
The specific nature of this inhibition has been systematically investigated
and related to the nature of the metal-neurotransmitter complex. However, two
metals, Mn and Sn, appear to enhance NE uptake. Sn acts to enhance Na-K
ATPase activity specifically (without an effect on Mg-ATPase activity) and
thereby the uptake of NE by brain synaptosomes. These studies suggest a

physiological role for Sn.

IV. Steroid Hormones and Neural Function

3.

Steroid hormones are known to influence sensory and central nervous
function. NE and Ch uptake by brain synaptosomes is markedly inhibited by
carbohydrate-active steroids, apparently via inhibition of Na-K activated
ATPase. No effect of these steroids was observed on Na or K currents of

the isolated squid nerve indicating their effect on neural function is on

metabolism of nerve (i.e. maintaining membrane potential); they also appear
to affect synaptic delay. In addition, these steroids appear to operate
through effects on myelin.
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Serial No. NHLI-79(c)
1. Experimental Therapeutics Branch

2. Section on Experimental Medicine
3. Bethesda, Maryland E.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Urinary Excretion of Kallikrein

Principal Investigator: Harry S. Margolius, Ph. D. , M.D.

Other Investigators: Ronald Geller, Ph. D., Wybren DeJong, M.D. , Vida
Beaven, Ph. D. and John Pisano, Ph. D.

Cooperating Units: Normal Volunteer Office ,,

Project Description: Ijll"'

Objectives : To identify the magnitude of urinary excretion of kallikrein in

normal volunteers, patients with various diseases, control and spontaneously
hypertensive rats (SHR) , and anesthetized dogs subjected to various mani-
pulations and drugs.

Methods

:

Patients: 24 hour urine collections were obtained from 50 normal
volunteers and a like number of subjects with various diseases. The amount
of kallikrein excreted was measured in two ways: 1) using the method of Beaven,
et al (Clin. Chim. Acta, In Press) which measures esterolytic capability of

urine kallikrein and 2) using standard bioassay techniques. Recoveries of
pure standard human urinary kallikrein were measured in each urine sample and
ranged from 70-100%.

Rats: 24 hour urine collections were obtained from male Wistar control,
Sprague-Dawley control and SHR. Urine was assayed for kallikrein esterase
activity and kallikrein biologic activity. In addition, urine volume, body
weight, urine protein excretion and blood pressure were also measured.

Dogs: The effects of acute unilateral renal artery constriction and
angiotensin infusion or ureteral excretion of kallikrein were measured in
20-25 kgm dogs anesthetized with pentobarbital. Both bioassay and esterolytic
activity were assessed, as well as arterial blood pressure, renal arterial
blood flow .IPC- u.rine output.

Major Findings: Patients: The 24-hour urinary excretion of kallikrein
ranged from 3.76 to 19.38 enzyme units (I.E.U. = 1 pmole Tolsylarginine
methylester hydro lyzed/min) with a mean of 9.00 in 25 normal males. In 23
normal females the range was 2,43-19.67 E.U. with a mean of 6.66 E.U. In 11
male patients with essential hypertension, the values ranged from 0.00-8.91
with a mean of 3.78 E.U./24 hour. In 9 female patients with essential hyper-
tention excretion ranged from 0.00-7.52 with a mean of 2.99 E.U./24 hours.
In 8 patients with proven pheochromocytoma kallikrein excretion varied from
3.53-33.27 with a mean of 14.92 E.U./24 hours. No consistently abnormal
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findings have been found, as yet, in patients with burns, carcinoid syndrome,

hypoparathyroidism, or metastatic carcinoma. It is of interest that both the

parents of a 27-year old white female with hypertension of unknown etiology,

and a urine kallikrein excretion of 0.00 E.U./24 hours, also excrete ab-

normally low amounts of kallikrein in their urine.

Rats: Urine kallikrein excretion in control Wistar and spontaneously

hypertensive rats (SHR) was examined in male animals at 7,11,16 and 25 weeks
of age. At seven weeks, levels of urinary kallikrein were similar in both

groups; significant increases appeared in SH rats at 11 weeks and were
greater at 16 weeks but declined by 35 weeks. In all groups the SHR exhibit
higher urinary excretion rates and higher blood pressures - while body weight,
urinary protein excretion and urine volume are similar.

Dogs: We have been unable to demonstrate acute changes in kallikrein
excretion rates to date. Neither unilateral renal artery constriction nor
angiotensin infusion have produced significant or consistent changes in

urinary kallikrein excretion rate or concentration.

Significance : The data indicate that urinary excretion of kallikrein, an
enzyme which controls production of the most potent vasodilator substance
known, bradykinin, is altered in hypertension in animals and man. This
finding clearly separates a special group of patients with hypertension.
This may provide a starting point for understanding the role of kinins in

pathogenesis of, or compensatory responses to hypertension.

Proposed Course of Project : Man: Enlarge and clarify patient categories in
which urinary kallikrein excretion is abnormal, and correlate plasma kalli-
krein levels and assess kinin metabolism in hypertension.

Rats: Parallel studies in SHR, renal and DOCA-salt hypertensive and
control animals.

Publications: None
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Serial No. NHLI-80(c)
1. Experimental Therapeutics Branch
2

.

Section on Experimental Medicine
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies of the Biological Role of Histamine: Histaminase
Activity in Various Physiological and Pathological States.

Previous Serial Number: NHLI-162(c)

Principal Investigator: Stephen B. Baylin, M.D.

Other Investigators: Michael A. Beaven, Ph.D., Zdenka Horakova, Ph.D., n

Harry R. Reiser, M.D., and Albert Sjoerdsma, M.D., Ph.D. «pl''»

Cooperating Units: None i«i,]|.ir

Project Description:

Objectives : This project is a continuation of the clinical studies of

histaminase activity in normal and disease states. The studies included:
1) further investigation of the elevated histaminase activity in serum and
tissues of patients with medullary carcinoma of the thyroid; 2) study of the
appearance of histaminase in plasma after heparin in normal individuals and
in patients with hyperlipoproteinemia; and 3) evaluation of the effect of the

histaminase inhibitor, aminoguanidine, on food consumption.

There are two conditions in normal individuals in which plasma or serum
histaminase activity may be high; pregnancy and after the administration of

heparin. Previous studies from this laboratory have shown that high serum
activity may be present in some patients with medullary carcinoma of the
thyroid, and that high histaminase activity is present in this tumor tissue.
The relationship between histaminase and this malignancy has been further
explored. Additional work is now being done concerning the dynamics of plasma
histaminase activity increase after parenteral heparin. Since this
phenomenon is not specific to histaminase, and other enzyme activities like
lipoprotein lipase also increase, studies of plasma histaminase activity are

being done in a disease state involving a deficiency of lipoprotein lipase.
Type I hyperlipoproteinemia (Fredrickson classification).

Methods : The assay of histaminase activity, by the measurement of tritiated
water formation upon deamination of 3- H-histamine, was described in Project

Report NHLI-162(c), 1969-70.

All subjects who participated in the studies were either patients or normal
volunteers hospitalized in the Clinical Center, NIH. Serum samples from'

patients with medullary carcinoma of the thyroid have been donated by several

investigators throughout the country, in particular, Dr. Kenneth Melvin, New
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England Medical Center, Tufts University, Boston, Mass.

Major Findings : 1) Histaminase activity in medullary carcinoma of the thyroid .

The previous observations of elevated serum histaminase activity in patients

with medullary carcinoma of the thyroid have been extended. In 50 normal

individuals the mean serum histaminase activity was 1.5 units/ml serum (1 unit
= 1 uumole histamine deaminated/hr) . Of the 23 patients with medullary
carcinoma of the thyroid, 21 (91%) had serum histaminase activity greater
than 2. A units/ml (> 1 standard deviation from the normal mean) and 15 patients
had serum histaminase activity greater than 3.5 units/ml (> 2 standard devia-
tions from normal). In these 15 patients, serum histaminase activity ranged
from 3.6 to 90 units/ml.

The histaminase activity of normal human tissues and of tumor tissues from
patients with widely disseminated medullary carcinoma of the thyroid was
examined. Only kidney and intestine had histaminase activity greater than
50 units/g tissue. In contrast, the presence of microscopic foci of medullary
carcinoma tissue within an organ was associated with much higher levels of
histaminase activity in that organ than would normally be present. For
example, 690 units of histaminase/g was found in ovarian tissue containing
foci of medullary carcinoma tissue compared to 13 units/g in normal ovary.
In patients affected with both medullary carcinoma and pheochromocytoma, the
medullary carcinoma tissue could be differentiated from the pheochromocytoma
tissue by the high histaminase activity in the medullary carcinoma tissue and
the low activity (< 20 units/g) in the pheochromocytoma tissue.

2. Rise in plasma histaminase activity in response to intravenous heparin
administration . Plasma histaminase activity of man has been shown by other
investigators to increase after parenteral administration of heparin. This
response to heparin has been studied in detail with the sensitive radioassay
for histaminase activity. At a dosage of 10 units/kg heparin i.v. , at 10
minutes post injection plasma histaminase activity increased 1 to 2-fold;
with 20 units/kg 2.5 to 6-fold; and with 75 units/kg 10 to 40-fold. Peak
activity was reached on the average at 10 minutes following injection with
all doses used. Clearance of the enzyme activity from plasma was exponential
after all doses, and return to baseline levels was reached within two hours
with the 20 unit/kg dose.

The above time course of the increase in plasma histaminase activity follow-
ing heparin administration resembled that observed by other investigators for
lipoprotein lipase. The appearance of histaminase activity in plasma was
investigated in patients with Type I hyperlipoproteinemia and other hyper-
lipoproteinemias. At a dose of 10 units heparin/kg 4 patients with this dis-
order showed at 10 minutes plasma histaminase activities of 0, 0, 0.2, and
0.4 units/ml plasma. In contrast, the mean increase in histaminase activity
in 21 normal individuals was 1.5 + 0.5 units/ml (+2 SEM) . With 75 units
heparin/kg, 3 Type I patients showed an increase of 0.8, 4.4, and 4.7 units/
ml plasma whereas the increase in histaminase activity in 10 normals ranged
from 6.8 to 49.8 units/ml. In 2 patients with Type IV hyperlipoproteinemia
and in 5 patients with Type V disease, histaminase activity increased from

-A



Serial No. NHLI-80(c)

0.9 to 6.0 units /ml after 10 units heparin/kg. One patient with Type IV

disease failed to respond to 10 units heparin/kg and also had a low response
(2.8 units/ml) to 75 kg. In vitro studies showed that concentrations of

protamine or heparin that were sufficient to inhibit lipoprotein lipase had
no effect on histaminase activity; 1 M sodium chloride, inhibited histaminase
activity as well as lipoprotein lipase activity.

3. In vivo studies with aminoguanidine . A preliminary evaluation of the
therapeutic effects of the histaminase inhibitor, aminoguanidine, in a patient
with widely disseminated medullary thyroid carcinoma was briefly described
in the previous report, NHLI-162(c). Regression of tumor was not achieved,
but an increase in appetite, associated with a gain in weight, was observed.
We have received recently a report from another center indicating that amino-
guanidine had a beneficial effect on appetite in one patient with medullary
carcinoma of the thyroid. Thus, we decided to evaluate the effect of amino-
guanidine on appetite and growth in animals.

In two separate experiments (18 and 34 days duration) involving a total of

16 rats in each of the control and treatment groups, a statistically significant
increase in food consumption was seen with a daily dose of 50 mg/kg amino-
guanidine sulphate given perorally by stomach intubation. A 10 mg/kg dose also
produced an average increase over control values in each study but failed to

reach statistically significant levels. Weight gain was significantly greater
in the 50 mg/kg group in the second experiment and all treatment groups showed
an average weight increase greater than controls. In a third experiment,
involving 15 animals each in a control group and a group receiving 50 mg/kg of

aminoguanidine, food consumption and weight gain were slightly greater in the
treatment group but the difference was not statistically significant. The
concentration of aminoguanidine in tissues of chronically treated animals was
highest in intestine and kidney and was present in lower amounts in salivary
gland, liver and thymus. The drug was not detected in brain. Histaminase
activity was inhibited by more than 90% in the intestine and thymus of amino-
guanidine treated animals.

Significance : 1) The recent studies have confirmed that histaminase activity
is an excellent biochemical marker for medullary thyroid carcinoma tissue. A
relationship between detection of high histaminase activity and the presence
of tumor cells has been further suggested. Use of measurements of histaminase
activity in serum and tissues should continue to prove useful as a diagnostic
and prognostic tool • in this disease.

2) The apparent abnormality of plasma histaminase response to heparin in

patients with Type I hyperlipoproteinemia and possibly in the patients with
Type IV disease was a surprising finding. Such measurements may prove a use-
ful adjunct to the measurements of lipoprotein lipase in detection of Type I

disease.

3) The aminoguanidine studies in rats have in general paralleled the initial
observations made in patients receiving aminoguanidine. The apparent direct
effect of this drug on appetite might suggest utility for this drug in treatment
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of anorectic patients with malignancies and other chronic disorders. There
were no apparent side-effects from any dose of aminoguanidine given.

Proposed Course oi Project : 1) Studies on histaminase activity in medullary
carcinoma of the thyroid will be continued to examine further the exact
nature and origin of the enzyme. 2) The reason for the deficiency of

histaminase release in patients with Type I hyperlipoproteinemia will be in-
vestigated. The role, if any, of histaminase in lipolysis and the possible
use of histaminase determinations in the diagnosis of lipid disorders will
be explored. 3) Studies will be continued in animals to determine if there
is a significant effect of aminoguanidine on appetite.

Honors and Awards: None

Publications:

1. Baylin, S.B., Beaven, M.A. , Engelman, K. , and Sjoerdsma, A.: Elevated
histaminase activity in medullary carcinoma of the thyroid gland. New
Eng. J. Med. 283: 1239-1244, 1970.
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1. Experimental Therapeutics Branch
2. Section on Experimental Medicine
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on 6-Azuridine Triacetate (Azaribine) in Animals and

Man.

Previous Serial Niomber: NHLl-160

Principal Investigator

Other Investigators:

Harry R. Keiser, M.D.

Milan Slavik, M.D. , Ph.D., Walter Lovenberg, Ph. D.

Robert I. Henkin, M.D. , Stephen Baylin, M.D. , and

Albert Sjoerdsma, M.D., Ph. D.

Cooperating Units: None

Project Description:

Objectives : 6-Azuridine triacetate is a potent pyrimidine antimetabolite, for

oral use, developed in Czechoslovakia and in the United States. The drug

inhibits de novo pyrimidine synthesis by blockade of the enzyme orotidine-5-

phosphate decarboxylase. It has shown therapeutic efficacy in patients with

psoriasis, mycosis fungoides, rheumatoid arthritis, chorioepithelioma, poly-

cythemia vera and viral eye infections. An abnormal pattern of amino-aciduria

was noted in patients and animals receiving the drug. We showed previously in

animals that this was not a renal effect but that the drug produced alterations

in serum amino-acids resembling three inborn metabolic diseases in man; g-alani-

nemia, homocystinuria and cystathioninuria. Our animal studies had also in-

dicated that Azaribine administration produced changes in zinc metabolism and

in taste acuity. Thus, our objectives were to administer Azaribine to patients

with scleroderma to study; 1) amino-acids in blood and urine to determine if

similar biochemical alterations occurred in man as in animals; 2) possible

beneficial effects of this drug in patients with scleroderma; 3) effects on

taste acuity; and 4) effects on metabolism of copper and zinc. We also

sought information from animal studies about the effects of Azaribine on the

activity of enzymes essential in the metabolism of sulfhydryl-containing

amino-acids.

Methods; Seven women, aged 44 to 62 years, with scleroderma were given

Azaribine (Calbiochem) orally in equal doses each 8 hours for 7 day periods,

beginning with 3 gm daily and increasing by 3 gm daily each 7 day period for a

total of 4 periods or 28 days. Urine collections and blood samples were,

obtained during an initial control period and on the last 2 days of each

period. Amino-acids were analyzed using standard techniques for analysis of
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physiologic fluids on a Beckmaii 120C amino-acid analyzer. Analyses for copper

and zinc were done by atomic absorption spectrophotometry according to the

method of Moret and Henkin ( Clin . Chem. , In press). Measurements of taste

acuity were obtained by use of techniques reported in detail previously by

Di. Henkia. Evaluation of the effects of Azaribine on scleroderma included

measurements of range of joint motion, pulmonary function tests, and measure-

ments of proline hydroxylase activity and the physico-chemical properties of

collagen in punch biopsies of skin before and at the end of drug therapy.

Eight rats were given either Azaribine, 1 gm/kg daily, or water by gastric

gavage for 10 days and the activity of cystathionin-e synthetase in samples

of their liver was determined according to the method of Mudd et al (J. B.C.

242.''-t382, 1965).

Major Findings : After one week of Azaribine administration to patients at a

dose of 3 gm daily only minimal changes were found in serum amino-acids.

After 2 weeks of therapy two amino-acids usually absent from human serum,

homocystine and 6-alanine appeared and significantly increased levels of

threonine, glycine, methionine and histidine were found. The concentrations
of these amino-acids in serum increased with the Azaribine dose reaching a

pleateau usually at 9 gm daily. At this dose the level of homocystine was
41.4 ± 19.1 nM/ral of serum (mean ± SEM) and that of 3-alanine was 23.7 ± 3.6.
Analysis of urine revealed the expected spill over of these amino-acids into
the urine. All of the patients had some anorexia and became slightly anemic
at the high dose of Azaribine. Three of the patients had definite subjective
improvement and mild objective improvement in their disease. Median detection
thresholds for the four tastants prior to treatment were not different from
normal, although median recognition thresholds for urea were slightly elevated.
During drug therapy there was no change in median detection or recognition
thresholds except for the recognition of sour, which was significantly in-
creased. No subjective changes in taste acuity were reported by the patients.
Azaribine administration to patients was associated with decreases in serum
copper from 142 ±6.9 yg/100 m.l (mean ± SEM) to 121 ±8.8 and in serum zinc
from 79 ± 5.4 to 60 ± 3.9 pg/100 ml.

Azaribine administration to rats produced an inhibition of 42% in liver
cystathionine synthetase activity when compared to controls. There was no
effect of Azaribine on this enzyme in in vitro studies.

Significance : Azaribine administration to man produces significant alterations
in the metabolism of a number of different amiViO -acids. The mechanism for
these changes seems to be an inhibition of enzymes which are dependent on
pyrldoxal phosphate. The finding that the pyridoxal dependent enzyme cysta-
thionine synthetase is inhibited by Azaribine in vivo but not in vitro
indicates that it is not the drug per se but most probably a metabolite or an
induced metabolic change which is responsible for the changes observed. Of
major interest is the finding that Azaribine administration produces reversible
changes in serum and urine amino-acids which resemble several inborn metabolic
diseases. This may lead to increased understanding of these disorders.
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There was some evidence of a beneficial effect from Azaribine on sclero-

derma. However, the study was not long enough to evaluate this aspect

adequately.

The objective changes in taste acuity produced by Azaribine may be related

to the changes noted in serum zinc and copper. However, there were no

subjective changes in taste acuity observed in any of the patients and this

should not be a problem in patients treated with this drug.

Proposed Course of Project : 1. Administration of Azaribine to patients with

scleroderma for periods of 6 months or more to evaluate a possible beneficial

effect.
2. Measurement of pyridoxal phosphate levels to determine if the enzyme

inhibition produced by Azaribine administration is due to a deficiency of

this necessary cofactor

-

3. Further study of some of the specific amino-acid abnormalities noted

in patients with scleroderma.

Publications: None
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Albert Sjoerdsm.a, M.D. , Ph.D.

Charles Vogel, M.D.

Cooperating Units: Solid Tumor Centre, Uganda Cancer Institute, Kampala,

Uganda; NCI

Project Description:

Objectives : 1. Development of methods for studying collagen metabolism in

man and animals. 2. Application of these methods to the study of collagen
metabolism in normal man, healing wounds, and the pathogenesis of various
collagen diseases. 3. Study of the effect of various agents on wound healing
and the selection and evaluation of agents for treatment of collagen diseases,
especially scleroderma. 4. Elucidation of the biochemistry of keloids and
hypertrophic scars, two examples of overabundant wound healing. 5. Determina-
tion of the origin of protocollagen proline hydroxylase (PPH) in the blood and
its clinical significance.

Methods : The amino acid hydroxyproline (Hyp) is a unique marker for collagen.
Methods for assaying Hyp in urine, plasma and tissue have been developed and
tested in this laboratory and described previously. Methods were also
developed for studying the physicochemical properties of collagen in tissues,
for measurement of the rate of collagen synthesis in tissues, and for bio- -

chemical studies of standardized healing wounds. These techniques have been
applied to studies of wound healing in normal man and laboratory animals, to

studies of wound healing in patients with scleroderma, and to studies of ab-
normal wound healing, i.e. keloid and hypertrophic scar.

Recently we have set up the technique for measuring collagenase activity
in tissue samples according to methods developed in NIDR. Tissue samples are
grown for 5 days in tissue culture with daily changes of media. The harvested
media is pooled and its collagenolytic activity measured by incubating it with
a radioactively labelled collagen gel and then measuring the radioactivity
released. This method coupled with our techniques for measuring collagen syn-
thesis allows us to evaluate both collagen formation and breakdown in tissue.
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We have devised a simple technique for administering controlled concentra-
tions of volatile anesthetic agents to 4 rabbits at once. This is accomplished
by utilizing a Foregger anesthesia machine to vaporize the anesthetic, mix it
with oxygen or room air and to control all flow rates. The gas mixture is
delivered into a large metal animal cage totally enclosed in a large poly-
ethylene bag. Gas is exhausted from the cage by a one way valve made from a
piece of Penrose-drain.

Major Findings : Our studies of serum PPH-activity have now been extended to

over 450 patients from both the U.S.A. and Africa. Our normal level is up to

570 dpm/ml/hr. Very high levels (from 1000 to 14,362) were found in 56% and
elevated levels (> 570) were found in 70% of 54 patients with hepatoma. As a

diagnostic test PPH level ranks with alpha-feto-protein, another serum factor
found in hepatoma, which was positive in 59% of these patients. Elevated ""i)

levels of serum PPH were found also in 34% of 32 patients with neoplasms VL

metastasizing to liver, in 31% of 35 patients with hepatitis and in 10% of 49 Irti

patients with cirrhosis. Serum PPH levels were elevated in 85% of 13 newborns ii;ii;]|

and in all of 10 patients after surgery under anesthesia with the fluorinated ^n',i

hydrocarbons, methoxyflurane or halothane. Serum PPH activity was not in- "'"|]

creased in patients with any of the common "connective tissue" diseases, in l„„

patients with tumors metastasizing to bone or with primary bone tumors, Paget 's "'"'"

disease or after anesthesia with nitrous oxide. There was a general correla- iii'iii

tion between serum PPH levels and serum alkaline phosphatase levels when eleva-
tions of the latter were of liver origin but not when they were from bone. '||

I ifii II

We have found that rabbits show similar changes in serum PPH and other 11(11''

enzymes after methoxyflurane exposure, as does man. This occurs in rabbits '*""

at inspired gas concentrations v/hich are so low that the animals are only

sleepy and not really anesthetized. Serum PPH-activity rose rapidly in animals

exposed to 0.3% methoxyflurane for 2 hours from control levels of 916 + 366

dpm/ml/hr (mean + SEM) to peak levels of 7612 + 1164 (p < .01) at 12 to 28

hours after the start of the experiment. It returned to initial levels within

48 to 96 hours. Serum levels of serxom glutamic oxaloacetic transaminase (SCOT)

rose more slowly from control levels of 40+4 S.F. units to peaks at 48 to 96

hours of 402 + 124 (p < .02). A similar change was noted in levels of serum

glutamic pyruvate transaminase (SGPT) but there was no change in serum levels

of alkaline phosphatase. Rabbits exposed to N2O for 2 hours showed no

significant changes in serum PPH activity. When cycloheximide (Calbiochem)

,

a potent inhibitor of protein synthesis, was given intraperitoneally to rabbits

in doses of 1 mg/kg B.W., it alone produced significant elevations in serum

activities of PPH, SCOT, and SGPT. When rabbits received both cycloheximide

and methoxyflurane the effects on serum levels of PPH, SGOT, and SGPT were

additive. Assay of the livers of these animals for PPH-activity showed no

significant differences between any of the 4 groups, i.e., controls, cyclo-

heximide alone, methoxyflurane alone and cycloheximide plus methoxyflurane.

PPH-activity in tissues is a good indicator of the rate of collagen syn-

thesis. We have expanded our data on PPH-activity in punch biopsies of skin

to include 10 normals, 20 patients with sclerodema, one patient with morphea
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(localized plaques of scleroderma) and 17 patients with miscellaneous, non-

connective tissue diseases. PPH-activity is significantly higher in apparent-

ly uninvolved parasacral skin from patients with scleroderma when compared to

tout of normals, being 364 + 24 vs 180 + 16 dpm/mg dry wt/hr (mean + SEM) .

PPH-activity was even greater, 626 + 60 in samples of obviously involved fore-

arm skin of patients with scleroderma. The average levels of PPH-activity in

both forearm and parasacral skin of patients with miscellaneous diseases were

not significantly different from that of controls but were significantly

different from that ox patients with scleroderma. PPH-activity in skin biopsies

from a patient with morphea (localized scleroderma) was 216 dpm/mg/hr in un-

involved skin, 518 in the center of a plaque of morphea, and 848 in the

advancing edge of that plaque.

The mean level of PPH-activity in keloids from 8 patients, 4015 + 626

dpm/mg/hr (mean + SEM), is greater (.02 < p < .05) than that in hypertrophic
scars fiom 6 patients, 1713 + 511. The mean levels of PPH-activity in both
are greater (p < .01) than those in skin from 10 normal subjects, 179 + 16,

and in normal appearing scars from 5 patients, 209 + 35. There is no signifi-
cant difference in PPH-activity between skin of normal subjects and normal
appearing scars. However, mean PPH-activity adjacent to either keloid or
hypertrophic scar in 10 patients, 574 + 112, is significantly less than that
of both keloid and hypertrophic scar (p < .01) yet significantly higher than
that of normal scar and skin of normals (p < .01). While only very preliminary
results are available, collagenase activity in keloids and hypertrophic scars
appears to be considerably elevated over that in normal skin.

Significance : All evidence indicates that elevated PPH-activity in serum is
of hepatic origin. We believe that serum PPH-activity constitutes a new and
sensitive indicator of liver cell injury. We have shown that the rabbit serves
as a good animal model for studying effects of anesthetic agents. The use of
serum PPH levels adds a new dimension for analyzing the hepatotoxic effects
of these agents. The fantastically high levels of PPH-activity in serum of
patients with hepatoma makes it a useful tool in the diagnosis of this neoplasm.
While relatively rare in the U.S., hepatoma is one of the most common malignant
tumors in other countries. Serum PPH levels may prove useful in following
either chemotherapy or surgical extirpation of this rapidly fatal malignancy.

The finding of elevated levels of PPH-activity in the skin of patients
with scleroderma and morphea confirms the clinical impression of increased
collagen synthesis. This is an important finding since it occurs in both
obviously involved and apparently uninvolved sclerodermatous skin. Whether
this change is primary or secondary in the pathogenesis of this disease remains
to be elucidated.

The increased PPH-activity in keloids and hypertrophic scars indicates
that the rate of collagen synthesis is markedly elevated in these states. This
helps explain the excessive collagen present in these examples of overabundant
wound healing. It also provides a yardstick for evaluating drug interventions
aimed at controlling this disfiguring complication.
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Proposed Course of Project : 1. Continued studies of serum PPH-activity in

patients, especially as a tool for evaluating therapy in patients with hepatoma.

2. Studies of other anesthetic agents for their effects on serum PPH
levels in man and on rabbits. Special attention will be given the fluorinated
hydrocarbons which have shown sporadic liver toxicity in man.

3. Further characterization of the biochemistry of keloids and hyper-
trophic scars with studies of the effects of various therapeutic interventions

upon these states.

Honors and Awards : None

Publications

:

1. Stein, H.D.

wounds. J.

and Keiser, H.R.: Collagen metabolism in granulating
Surg. Res. In press.

Keiser, H.R. , Stein, H.D. , and Sjoerdsma, A.: Increased proto-
collagen proline hydroxylase activity in sclerodermatous skin.

AMA Arch. Dermatol. In press.
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Principal Investigator: B. V. Clineschmidt , Ph. D.

Other Investigators: Albert Sjoerdsma, M.D. , Ph. D.

Project Description:

:

Objectives : Anatomical, biochemical and pharmacological studies support the

view that serotonin (5-HT) and norepinephrine (NE) serve as neurotransmitter
substances in the spinal cord and brain. Because of its relative anatomical
simplicity and the fact that spinal reflexes are stable over long periods of

time which are often required for full development of a drug's action, the

spinal cord would seem to provide a good model for investigating the effects
of substances believed to influence central monoamine neurotransmission. The
specific objective of the study now in progress was to determine if tricyclic
antidepressants affect the action of 5-HT on spinal reflexes.

Methods : Spinal reflex activities from an Ly ventral root are amplified and
displayed on an oscilloscope. The reflex is evoked by stimulating the
corresponding dorsal root in unanesthetized spinal cats. The 5-HT precursor
5-hydroxytryptophan (5-HTP) is injected to elevate the level of 5-HT in the
cord. Imipramine or a related agent is administered either before or after
5-HTP.

Major Findings : 5-HTP (50 mg/kg) produces a slowly developing increase in the

height of the spinal monosynaptic reflex (MSR) . Sixty minutes after 5-HTP,
the height of the MSR is 250% of the pre-drug size. The tricyclic antidepres-
sant imipramine (5 mg/kg) causes a decrease of about 25% in the height of the
MSR. Following pretreatment with imipramine, 5-HTP increases the height of
the MSR to nearly 750% of its control size within sixty minutes after in-
jection. In contrast to its effect in untreated animals, imipramine given
sixty minutes after 5-HTP causes a very rapid increase of more than four-
fold in the height of the MSR. In cats with chronic spinal transection (Tg-Tg),
5-HTP produces its usual increase in the monosynaptic spike height. However,
imipramine administered after 5-HTP causes a decrease instead of an increase
in the height of the MSR.
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The enhancement of the MSR produced by 5-HTP plus a tricyclic agent is

antagonized by the 5-HT antagonists cinanserin (2.5 mg/kg) and methysergide
(1-2 mg/kg) . The interaction between 5-HTP and imipramine does not occur in
animals pretreated with RO 4-4602 to prevent decarboxylation of 5-HTP to 5-HT.
Other antidepressants such as amitriptyline and desmethylimipramine have
qualitatively the same effects on the MSR as imipramine both in untreated and
5-HTP pretreated animals.

Significance ; The observations indicate that tricyclic antidepressants of the
imipramine type enhance a central effect of 5-HT, i.e. the increase in the
MSR following 5-HTP administration. A similar effect on the actions of 5-HT
at higher levels in the C.N.S. might be responsible for the therapeutic and
some of the side effects of tricyclic antidepressants. Although much of the
current thinking on the mechanism of the antidepressant action of these
compounds involves central noradrenergic processes, our results show that
central actions of 5-HT must also be considered.

5-HT has been shown to have a beneficial effect on hypotonia in Down's
syndrome. Its effectiveness here might depend upon influencing spinal
reflex activity in which case the combination of 5-HTP and a tricyclic agent
could prove superior to giving 5-HTP by itself.

Proposed Course of Project : 1) 5-HT levels. To this point, we have assumed
that 5-HTP administration increases spinal cord 5-HT. 5-HT levels in lumbo-
sacral cord will be assayed before and after 5-HTP. 2) Mechanism of

interaction. Tricyclic antidepressants inhibit uptake of 5-HT into monoamine
nerve terminals. We plan to determine if the order of potency of tricyclic
compounds in inhibiting 5-HT uptake corresponds to their order of potency
in enhancing the 5-HTP-induced increase in the spinal MSR. 3) Catecholamine
precursors. The NE and dopamine precursor L^-dihydroxyphenylalanine (DOPA)

affects spinal reflexes. The combination of DOPA with tricyclic agents will
be studied. Also, the effect of imipramine on the spinal actions of di-

hydroxyphenylserine (precursor of NE only) and alpha-methyldopa may be
investigated.

Publications: None
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Cooperating Units: Endocrinology Service Unit, Reproduction Research Branch,

National Institute of Child Health and Human Development;

Adult Psychiatry Branch, National Institute of Mental
Health.

Project Description:

A. Influence of Various Central Nervous System Drugs on Plasma
Gonadotropin Levels

Objectives : In animals it has been possible to demonstrate the influence of

the cenLral nervous system on gonadal function and to modify ovulation by the

use of drugs which alter the levels of amine neuromediators in the central
nervous system. It is not known, however, whether similar effects can be
obtained in man or which amine mediator plays a predominant role. Our studies
have been concerned with the influence of drugs which alter central nervous
system amines on the blood levels of pituitary gonadotropins as measured by
radioimmunoassay. Initial observations were made in postmenopausal women or
in males because they have relatively stable levels of gonadotropins. Such
studies, utilizing the drugs parachlorophenylalanine, reserpine, pargyliue,
desipramine, L-dopa, methyldopa, a-methyl-5-hydroxytryptophan, a-methyl-par.-i-
tyrosine and a-methylphenylalanine, were inconclusive.

We have since attempted observations in cycling premenopausal women. Be-
cause the critical peaks of luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) which accompany ovulation are present only during one to two
days per cycle, it has been necessary to obtain daily samples over many months.

Major Findings : Results are available from three women, each followed through
six consecutive months during which methyldopa therapy was alternated with a
control drug. In each instance there was pronounced reduction of cyclic peaks
of LH during therapy with methyldopa and lesser effects on FSH levels.
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Significance : This is the first demonstration that gonadotropin levels can

be altered in man by drugs which are not hormones. It is an initial step

toward the goals of defining the role of the central nervous system in the

control of gonadotropins in man and of developing new methods for altering
fertility.

Proposed Course of Project : Studies will be pursued in additional subjects
and with other agents. Simultaneous measurements of plasma estrogens and

progesterone will be made to determine how feedback controls have been altered.

B. Studies in Vascular Headache

Objectives : A role of serotonin in migraine headaches has been suggested by ""iim

reports of changes in plasma levels of serotonin and the urinary excretion of ll|!],i»

its degradation product, 5-HIAA, during attacks of migraine; the clinical h'"!'*

usefulness of the serotonin antagonists cyproheptadine and methysergide makes l|il!|,

the relationship more plausible. We therefore undertook short-term observa- "ff'

tions of the effects of an inhibitor of serotonin synthesis, parachlorophenyl- ""|I'

alanine (PCPA) , in hospitalized patients with migraine; the drug was well- ,Lu"

tolerated and appeared to be beneficial, but results were inconclusive. As a

consequence a controlled long-term outpatient study of the effects of PCPA in

migraine was begun.

Major Findings : Eight patients with frequent episodes of typical migraine,
which responded poorly to conventional medications, have so far been entered
into a 6 month double-blind, cross-over study comparing the effects of PCPA
with those of a placebo. Analysis of therapeutic effects is not yet available.
Two of the eight, each with a history of allergy, developed pronovinced drug-
related reversible eosinophilia and were withdrawn from the study without
adverse effects.

Proposed Course of Project : The study will be pursued in additional subjects.

C. Role of Brain Amines in Sleep

Objectives : Previous studies in man have shown that the rapid eye movement
(REM) phase of sleep is decreased when serotonin synthesis is reduced by the
drug, parachlorophenylalanine (PCPA). REM sleep is restored in such subjects
when the block in serotonin synthesis is overcome by giving the serotonin
precursor, 5-hydroxytryptophan. Similar results have been obtained in animals
with a variety of pharmacologic manipulations which alter serotonin levels.
In animals it has been possible to demonstrate monophasic sharp increases in

the electrical activity of the pontine oculomotor nuclei, lateral geniculate
nuclei and visual cortices beginning shortly before and persisting through the
REM phase of sleep; this electrical activity designated as pontine-geniculate-
occipital (PGO) spikes, has been hypothesized to be critically necessary for
REM sleep and is grossly disturbed by treatment of animals with PCPA. A possible
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analogue to PGO spikes designated as phasic integrated potentials (PIP) is

under study in patients during normal sleep and during treatment with PCPA.

Major Findings : Studies have been completed in two subjects with migraine
who received PCPA as possible therapy. During treatment with PCPA there was
a decrease in PIP counts in REM sleep and an increase during non-REM sleep,

yielding a four-fold rise in the non-REM to REM ratio of PIP activity. Such

changes resemble those of PGO spikes in animals receiving PCPA, supporting
the hypothesis that PIP waves in humans are analogous to PGO waves in cats.

Proposed Course of Project : Studies are being pursued in additional subjects.

D. Reactivity of Human Temporal Arteries

Objectives : Increased vascular reactivity has been reported in hypertensive
humans by studies utilizing a variety of techniques. Interpretation has been
difficult because of differing levels of initial tone or reflex feedback and
differing wall-lumen ratios in hypertensive and normotensive subjects. In an
attempt to investigate this problem in a simplified system, we initiated a

study of the _in vitro responses of helical strips prepared from biopsied human
temporal arteries. This technique had previously been used in this department
to study aortic strips from genetic hypertensive and normotensive rats; there
were no systematic differences in responses to the sympathetic neuromediator
norepinephrine nor in the dissociation characteristics of alpha receptors in
the two groups.

Major Findings : Studies of temporal arteries from seven normotensive neuro-
surgical patients have been completed. Optimal tension varied from 1200 to
5000 mg and was achieved when strips were stretched 35 to 45% above initial
lengths. Average concentrations eliciting half-maximum responses were
3.3 X 10~5 mg/ml for norepinephrine and 2.6 x 10-4 mg/ml for phenylephrine.
The negative log of the molar concentration of phentolamine which reduced the
effect of a double dose of phenylephrine to that of a single dose (pA„) was
7.8; this is comparable to values obtained in studies on alpha adrenergic
receptors in blood vessels of animals.

Significance : Development of this technique promises to permit resolution of
the question of hypersensitivity of vascular smooth muscle in hypertensive
humans and will permit comparison of receptors in normotensive and hypertensive
subjects.

Proposed Course of Project : The observations on normotensives will be expanded
and comparison made with vessels from hypertensive subjects.

E. Cardiovascular Effects of L-dopa

Objectives : Blood pressure reduction has been widely reported as a side-effect
when patients with Parkinson's disease are treate;d with large doses of L-dopa.
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Observations in animals have suggested that L-dopa and its analogue, the

antihypertensive agent methyldopa, exert their hypotensive effects via the

central nervous system through conversion to amines. The compound, L-a-methyl~
a-hydrazino-3,4-dihydroxyphenylpropionic acid (MK-486) , blocks the decarboxyla-
tion of L-dopa and methyldopa to amine products in peripheral tissues but does

not enter the central nervous system. In so doing it has been reported to

promote the accumulation of the L-dopa-derived amine, dopamine, in the brain

and to reduce the dose requirements for treating Parkinson's disease. Use of

MK-486 thus offers an opportunity to distinguish between central and peripheral
loci for the hypotensive effects of L-dopa and methyldopa in patients.

Major Findings : Four patients with mild hypertension were studied while re-

ceiving L-dopa alone in daily doses of 2.0 gm and also after the addition of

MK-486 in a daily dose of 150 mg (one subject) or 500 mg (3 subjects). Two

showed low grade blood pressure reduction while receiving L-dopa alone; there

was no evidence of enhancement of hypotensive effects after the addition of

MK-486.

Proposed Course of Project : Further studies are planned using higher doses

of L-dopa and MK-486 and combining MK-486 with methyldopa.

Honors and Awards: None

Publications: None
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Project Description:

Objectives : As a part of the study of the metabolism of histamine in the

body, the enzyme histaminase was examined in detail. Histaminase is thought
to be identical to the enzyme diamine oxidase by some workers while the
enzymes are thought to be separate entities by other workers. The objectives
of this work were (1) to determine whether histaminase, as measured by the
release of tritium from 6--^H-histamine (see Project Report NHLI-153, 1969-70),
was the same enzyme as that which deaminates putrescine (diamine oxidase) and
whether the assays of the two enzyme activities were interchangeable; (2) to

establish the distribution of histaminase in tissues; and (3) to study the
release of histaminase from tissues by heparin. Heparin is known to raise
histaminase levels in plasma of experimental animals and man; the histaminase
is thought to be released from liver in guinea pig and from intestine in rat.
The present studies in rat examined the release of histaminase by heparin in
a number of tissues and the kinetics of this release. These studies were in-
tended to complement the investigation of the release of histaminase by
heparin in man.

Methods : Histaminase activity was determined by measurement of the release
of tritium from e--^H-histamine as described in Project Report NHLI-153, 1969-
70. Diamine oxidase activity was determined by a modification of the method
of Okujama and Kobayashi (Arch. Biochem. Biophys. 95: 242, 1961) with 6--^H-
putrescine as substrate.

Major Findings: 1) Biochemical studies of histaminase. The data showed that
histaminase activity was associated with diamine oxidase activity in all the
tissues stud ied. Th e deamination of 6-^H-histamine and 6-%--putrescine i.7as

inhibited to an equa
_3h-

1 extent by aminoguanidine (Irrv 2.5 x 10--8 M) The
deamination of e histamine was inhibited by putrescine and the deamination

1 ^»
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of g- H-putrescine was inhibited by histamine. Kinetic studies showed that

the inhibition was competitive. The studies also indicated that the assay of
histamlnase activity was interchangeable with the assay of diamine oxidase
activity although the histaminase assay was more sensitive and reproducible.

There were dissimilarities in the two enzyme activities. The effects of

pH and substrate concentrations on the deamination of g-^H-histamine and 6-

%-putrescine were different. Also, tritium was released from 3--^H-histamine

but not from B-'^H-putrescine. The possibility that 6--^H-histamine and B-^H-
putrescine were deaminated by the same enzyme but by different mechanisms
was reviewed in Project Report NHLI-153, 1969-70.

Other studies showed that histaminase could be differentiated from plasma
amine oxidase (benzylamine oxidase) in human plasma and from purified beef
plasma amine oxidase by g-^H-histamine since this amine was not a substrate
for either plasma amine oxidase.

2) Distribution of histaminase activity in tissues . Levels of histaminase
activity in rat tissues ranged from to 8000 yymoles histamine deaminated/g
tissue/hr as follows:

Rat Tissue Histaminase Activity*

G.I. tract; appendix 8000
small intestine 3300-6200+
stomach (glandular) 250

Thymus 500-1100+
Adrenals 150-350
Pancreas 41
Lung 38
Bone marrow 28

Spleen 27

Liver, kidney, prostate 7

Heart 5

Plasma 2.8-4. 6+

Submaxillary gland, skin
testicles, brain

*ypmoles histamine deaminated/g tissue or ml plasma/hr ,

mean value from several experiments.
+These values indicate the range of values from different
experiments.

The high levels of histaminase activity in intestinal tract, thymus and
adrenals were found in both normal and germ-free rats. The histaminase levels
in thjmius diminished with age and were decreased by treatment with
dexamethasone (see below) . Interesting differences in histaminase activity
were observed in thymus of normotensive Wistar and spontaneously hypertensive
(SH) Wistar rats as seen below:
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Histaminase Activity in Thymus*

Rat

Wistar, normal
Wistar, SH

Sprague-Dawley

,

control
Sprague-Dawley

,

with dexamethasone"''

Age: 6 wk

497+26(5)
1260+89(8)

S wk 10 wk 20 wk

456+38(11) 438 (2) 307+49(6)
1100+54(16) 1077+99(5) 299+32(6)

960+160(5)

263H-45(5)

*MMmoles histamine deaminated/g tissue/hr, mean value +
S.E. (.number of animals).

'^'These animals were treated with dexamethasone, 500 ug/kg,

for 3 days.

In guinea pigs, high levels of histaminase activity were found in lymph nodes,

spleen and thymus. Histaminase activity was also found in lymphocytes isolated
from spleen and bone marrow but not in circulating lymphocytes of guinea pigs.

3) Release of tissue histaminase by heparin . Heparin reduced histaminase
activity in rat intestine and adrenals but not in thymus. The extent of

the depletion was dependent upon the dose of heparin. Doses of 4,000,
20,000 and 40,000 units/kg, i.v., reduced histaminase activity in intestine
by 40%, 63% and 76%, respectively, with maximum depletion 15 to 30 min after
the injection of heparin. Maximum levels of histaminase activity in plasma,

200, 585 and 538 ypmoles histamine deaminated/ml/hr , were seen 15 to 30 min
after injection of 4,000, 20,000 and 40,000 units heparin/kg. Histaminase
activity in plasma declined to near normal, 2-4 yymoles/ml/hr , by 5 hr. At
this time, the enzyme activity in the intestine began to rise and by 10 hr
the activity was back to normal, 4,200 ppmole/g/hr. The data showed that
a) histaminase in intestine was almost completely depleted by heparin; b) the

enzyme in intestine was synthesized and was turned over at a rapid rate;
c) histaminase was removed from plasma within 5 hr; and d) histaminase in

thymus was impervious to the depleting action of heparin, which suggested
that the enzyme in thymus may be different from that in intestine.

Significance : The studies have shown that histaminase and diamine oxidase
are similar or identical enzymes in various tissues and that the assays of

these two enzyme activities are interchangeable. This finding has enabled
us to correlate the data obtained with the assay of histaminase activity,
which is the more sensitive and reproducible assay, with the previously
published findings with the assay of diamine oxidase activity. The distribu-
tion of histaminase activity in rat tissues indicated that high histaminase
activity was present in thymus, which has not been previously described as a

source of histaminase, as well as in adrenals and in intestine. The studies
of the heparin release of histaminase have confirmed that in rat the intestine
is the primary source of histaminase; the data have shown that the intestine
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can be almost completely depleted of histaminase and that the enzyme is

turned over at a rapid rate. A rapid turnover of histaminase has also been
noted in medullary carcinoma of the thyroid tissue. The experiments with
heparin in animals have provided necessary information for the interpreta-
tion of studies of heparin release of histaminase in man.

Proposed Course of Project : The significance of histaminase in th3anus and
lymphatic tissue will be examined, for example, by determining the factors
which influence the levels of histaminase in these tissues. The animal
studies with heparin have raised a number of important questions concerning
the studies of histaminase release by heparin in man. One aspect that will
be examined is whether the defect in release of histaminase by heparin in

Type I hyperlipoproteinemia is due to an absence of enzyme in the intestine
or due to a defect in release of the enzyme from intestine. The mechanism
of the heparin release of histaminase will be studied in animals to provide
a basis for the further study of the action of heparin on histaminase in man.

'

J'"

Honors and Awards : None

Publications:

1. Beaven, M.A. and Jacobsen, S.: A new assay for histaminase activity:

Measurement of tritiated water from 6(side chain label) -H^-histamine.

J. Pharmacol. Exptl. Therap. 176: 52-64, 1971.
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Serial No. NHLI-86(c)
1. Experimental Therapeutics Branch
2. Section on Experimental Medicine
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on Catecholamines in Human Disease.

Previous Serial Number: NHLI-163(c)

Principal Investigator: Harry R. Keiser, M.D.

Other Investigators: Milan Slavik, M.D., Ph.D., Stephen Baylin, M.D. ,

David Horwitz, M.D., and Albert Sjoerdsma, M.D. , Ph.D.

Cooperating Units: None

Project Description:

Objectives : During the past year our research in the area of catecholamine

metabolism has centered on evaluation and study of the clinical pharmacology
of a new antihypertensive agent, MK-266. This drug is the chlorobenzyl ether

of metaraminol. Upon metabolism, metaraminol is released and should function
as a false neurotransmitter in sympathetic nerves and thereby lower blood
pressure.

Methods : Catecholamines in blood and urine and catecholamine metabolites in

urine were measured by methods developed and used in this laboratory for years.
The determination of metaraminol in urine of patients receiving MK-266 was
performed by a modification of the method of Pugsley and Johnson (J. Pharm.
Pharmacol., 1968) as we have reported previously.

Major Findings : MK-266 has now been administered to 7 patients with essential
hypertension. In the first 3 patients single oral doses as large as 400 mg
had no effect on blood pressure. Six of the patients have received doses of
300 to 800 mg/day for periods of 4 to 8 days. Three of these patients had
slight to moderate decreases in blood pressure, most marked usually in the
standing position. Three patients developed significant changes in SCOT and
SGPT levels during drug administration and one of these patients had con-
comitant nausea and emesis. These symptoms disappeared and abnormal laboratory
tests returned to normal when the drug was stopped. One other patient had a
maculcpapular skin eruption on the second day of MK~266 administration. This
disappeared within hours when the drug was stopped and did not return when the
drug was restarted. No central nervous system symptoms were observed in any
patients. We have been able to recover only about 1% of the administered drug
as metaraminol in the urine of 5 patients tested.

fte
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Significance : MK-266 is an ether analog of metaraminol which is released
slowly on metabolism. Metaraminol has no direct pressor activity of its own
bat is capable of releasing norepinephrine. Previous studies have indicated
that continuous intravenous infusions of metaraminol lead to a lowering of
blood pressure. MK-266 holds promise of permitting the oral administration
of metaraminol. An antihypertensive effect would provide evidence in favor
of the "false neurotransmitter concept". We have seen some blood pressure
effect from MK-266 but because of unexpected liver .toxicity we have not been
able to administer large doses of drug. Larger doses of drug are desirable
since only 1% can be recovered as the presumably active metabolite metaraminol.
Thus, the clinical usefulness of the drug is still in doubt, and the validity
of the false neurotransmitter concept is unaffected by these studies.

Proposed Course of Project : MK-266 will be administered carefully to a few
more hypertensive patients to allow more complete elucidation of its potential
usefulness.

2. A careful search will be made for other metabolites of this drug in
urine of patients.

Honors and Awards: None

Publications: None
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1. Experimental Therapeutics Branch
2. Section on Experimental Medicine
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 19 71

Project Title: Studies on the Biological Role of Histamine: Metabolism of

6-^H-histamine in Man.

Previous Serial No.: None

Principal Investigator: Michael A. Beaven, Ph. D. and Stephen B. Baylin, M.D.

Other Investigators: Harry R. Keiser, M.D. and Albert Sjoerdsma, M.D. , Ph.D.

Cooperating Units: None

Project Description:

Objectives : As part of the study on the role of histamine, the metabolism of

histamine in man was investigated. This work was undertaken to determine the

relative importance of the various enzymes known to metabolize histamine.
With this information it is hoped that more effective agents can be chosen to

block the metabolism of histamine in man. A major deficiency in our knowledge
is whether histaminase (diamine oxidase) or monoamine oxidase is the more
important enzyme in the metabolism of histamine. The present studies utilize
the ability to distinguish between histaminase and monoamine oxidase activi-
ties by 1) the release of tritiated water from 3- H-histamine by histaminase
and 2) the formation of tritiated acidic metabolites of g-'%-histamine by
monoamine oxidase.

Methods : 3-H-Histamine was prepared by decarboxylation of 6-%-L-histidine
with bacterial histidine decarboxylase. The preparation was purified in the
laboratory and solutions for injection were prepared by the Pharmacy Depart-
ment. The B-'^H-histamine was administered i.v. and urine was collected over
6-hour periods for the first 24 hours and for 24-hour periods on the 2nd and
3rd days after injection of the labeled amine. Aliquots were removed from
each collection and frozen. Urinary metabolites of 6--^H-histamine were
determined by the following procedures: 1) by ion exchange chromatography to

separate acidic and basic metabolites; 2) by addition of unlabeled metabolites
or histamine as carriers and the crystallization of various derivatives of
these metabolites; 3) by solvent extraction techniques; 4) by thin layer
and paper chromatography; and 5) by total tritium and volatile tritium
(tritiated water) determinations. Various samples of authentic histamine
metabolites were obtained from commercial sources and from Dr. H. Tabor and
Dr. H, Bauer, NIAMD.
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Major Findings ; The data from six patients showed the following:

1) Seventy to eighty percent of the injected tritiiam label was excreted into

urine during the first 6 hours; 95% or more of the tritium was eliminated

within 24 hours after the injection of the labeled amine. Over a 3-day period

all of the tritium could be accounted for as tritiated metabolites or tritiated

water. There was no evidence of significant retention of 3- H-histamine or

labeled metabolites in the body. 2) The excretion of tritiated water accounted

for 5 to 8% of the injected label. This indicated that the 3- H-histamine was

metabolized by histaminase to only a minor extent. 3) Small amounts of

unchanged g-%-hist amine, less than 3% of the injected tritiated amine, were

present in -the first 6 hour urine collection. 4) The major tritiated metab-

olites in urine were methylimidazole acetic acid (56 to 77% of the injected

g-^H-histamine) and imidazole acetic acid riboside (13 to 39%) . These acidic

metabolites accounted for greater than 70% of the tritium label. The fact

that tritium was retained by these acidic metabolites indicated that mono-

amine oxidase was of major importance in the metabolism of g--'H-histamine.

5) Administration of a monoamine oxidase inhibitor, pargyline (1 mg/kg) , to

one of the patients resulted in a small decrease (20%) in the amount of

tritiated methylimidazole acetic acid excreted. Preliminary results indicated

that administration of the histaminase inhibitor, aminoguanidine (10 mg/kg),

resulted in the reduction of tritiated water formation and the disappearance

of H-imidazole acetic acid riboside in urine.

Significance : These studies have revealed that histaminase (diamine oxidase)

plays only a minor role in the metabolism of histamine in vivo. The results

suggest that the enzyme which methylates histamine to methylhistamine, hista-

mine-N-methyl-transferase, and monoamine oxidase are the more important

enzymes in histamine metabolism. This information provides a rational basis

for the inhibition of histamine metabolism in man.

Proposed Course of Project : The studies will be continued to determine

whether inhibitors of the enzymes histamine-N-methyltransferase and monoamine

oxidase will block the metabolism of histamine and thereby increase tissue

histamine. Since histamine is a vasodilator, it is hoped that such inhibitors

will be of use in the treatment of vascular disorders such as Raynaud's

disease. The use of these inhibitors will also be employed to determine

whether histamine plays a normal role in vasodilation.

Publications: None

/43



Serial No. NHLI-88(c)
1. Experimental Therapeutics Branch

2. Section on Experimental Medicine

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies of the Biological Role of Histamine: Application

of the Enzymatic Assay of Histamine to the Measurement of

Histamine in Urine

Previous Serial Number: NHLI-14A

Principal Investigators: Michael A. Beaven, Ph.D.

Harry R. Reiser, M.D.

Other Investigators: Zdenka Horakova, Ph.D.

Stephen B. Baylin, M.D.

Albert Sjoerdsma, M.D., Ph.D.

Cooperating Units: None

Project Description:

Objectives : In order to further assess the role of histamine in man, the

enzymatic assay of histamine (see Project Report NllLI-144, 1969-70) was

niodified for the direct measurement of histamine in urine. The study was
undertaken to provide a simple method of detecting changes in the excretion
of histamine. Previously published assays for histamine in urine are time-

consuming and require some prior purification of the histamine. The enzymatic
assay is specific and sensitive and can be performed on as many as 60 samples
of untreated urine at a time. In the present study histamine excretion was
determined in urine of control subjects and of a patient with mastocytosis,
a condition associated with the release of large quantities of histamine. In

addition, the effect of oral administration of L-histidine on histamine
secretion in urine was studied.

Methods : The assay procedure, which is based upon the formation of "'"'^C-

methylhistamine from histamine in the presence of S-adenosylmethionine-^^C-
methyl and histamine-N-methyltransf erase, is described in detail in Project
Report NHLI-144, 1969-70. In the present studies, samples were removed from
24 hr urine collections and frozen until time of assay; 20 yl aliquots were
taken for assay.

Major Findings : 1) Adaptation of assay to measurement of histamine in urine .

Studies showed that a 20 yl aliquot of urine was an optimum quantity for the
assay; larger volumes, 50 to 100 pi, resulted in a diminution, by 30 or 80%
respectively, in the recovery of histamine as l^C-methylhistamine. Unlabeled
histamine added to the 20 pi urine sample was recovered quantitatively and
reproducibly . The limit of sensitivity of the procedure was 0.1 ng histamine.

1 /if
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The levels of histamine in normal urine were lower than those reported pre-

viously in the literature when the fluorometric assay of histamine had been

ujjed. Possible reasons for the lower histamine levels found in the present

work are: (1) the enzymatic assay is specific for histamine, whereas the

fluorometric assay is subject to interference from compounds such as

spermidine; (2) the isolation of histamine from urine is not required for

the enzymatic assay and the possibility of histamine arising from decarboxyla-

tion of L-histidine is reduced. The daily excretion of L-histidine in urine

is 160-260 mg/day; the spontaneous decarboxylation of 0.01% of the histidine

could yield 10 to 20 yg histamine.

2) Histamine in normal urine . In 16 normal males and females, the levels of

histamine ranges from 10 to 40 ng/ml urine or 3 to 40 vig/24 hr, mean value

11 pg/24 hr. An additional female had a value of 92 yg/24 hr.

3) Histamine in urine of a patient with mastocytosis . As a confirmation of

the assay, histamine was measured in a patient with mastocytosis. Histamine

levels ranged from 160-220 yg/24 hr. Histamine output in urine was increased

to 310 yg/24 hr by oral administration of L-histidine, 4 x 10 g daily for 3

days. Urinary histamine excretion returned to pretreatment levels immediately

upon cessation of L-histidine administration. Examination of histamine levels

in two suspected cases of mastocytosis failed to show abnormality in histamine

excretion.

4) Effects of oral administration of L-histidlne on urinary histamine levels .

A further confirmation of the assay was that the administration of L-histidine

produced a pronounced rise in urinary histamine levels. In a normal volunteer,

histamine levels rose from 28 yg to 297 yg/24 hr, and in one female patient

with Rajmaud's disease, a rise from 19 yg to 180 yg/24 hr was observed after

administration of 40 g L-histidine/day for 3 days. The studies with L-

histidine were carried out to determine whether increased histamine production

could be achieved in patients with Raynaud's disease for use as a possible

form of therapy.

Significance : The enzymatic assay of histamine in urine provides a simple

method of detecting alterations in synthesis or metabolism of histamine by

measuring changes in the excretion of histamine. The assay makes it possible

to evaluate agents that enhance or inhibit histamine synthesis or metabolism.

For example, the effect of an inhibitor of histidine decarboxylase in a

patient with mastocytosis can be determined by measuring the decrease in

urinary histamine.

Proposed Course of Project : The assay procedure will be utilized in studies

of the release of histamine in various pathological states and in the in vivo

evaluation of compounds that alter the metabolism of histamine.

Honors and Awards: None

/i^
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Publications

1 Horakova, Z., Zierdt, C. H. , and Beaven, M. A.: Identification
of Lactobacillus as the source of bacterial histidine decarboxylase
in rat stomach. Europ. J. Pharmacol. In press.
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1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Md,

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Isolation and Characterization of Hydroxyindole 0-methyl
Transferase.

Previous Serial Number: None

Principal Investigator: Walter Lovenberg, Ph. D.

Other Investigators: Richard Jackson, Ph. D. and Joseph Fontana, Ph, D.

Project Description:

Objectives : The principle objective of this project was to obtain a pure
preparation of hydroxyindole 0-methyl transferase (HIOMT) and to study its
physical and chemical properties.

Methods : The enzjmxe activity was assayed using ^C-S-adenosyl methionine as
the methyl donor and N-acetylserotonin as the acceptor. The product,
melatonin, was extracted into an organic solvent and counted. The protein
was purified by standard isolation techniques.

Major Findings : Bovine pineal HIOMT was isolated as an essentially homogenous
protein. The steps developed for this isolation in good yield are summarized
below:

Spec ific Act ivity % Yield
Crude extract 15 100
Ammonium sulfate 55 100
1st DEAE Sephadex 122 75

Sephadex G 100 200 43
2nd DEAE Sephadex 274 30

Isoelectric Focusing 343 29

The final product gave a single band on disc gel electrophoresis and appeared
to be homogenous when studied by sedimentation equilibrium in an ultra-
centrifuge. Antibodies to this apparently pure enzyme were prepared in sheep.

Gel diffusion or gel electrophoresis of the protein and reaction with these
antibodies also indicated that a single molecular species had been isolated.

It is interesting to note that at least 3 molecular weight forms of the

enzyme were observed on Sephadex G-lOO chromatography and that chromatography
of the major form on the 2nd DEAE Sephadex step resulted in the isolation of

2 differently charged enzjnnes. Each of these forms could be completely
purified by isoelectric focusing. These two forms had identical immunologic

fi-r
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properties and appeared to be identical in all other respects. The molecular

weight of the enzyme was about 78,000 as determined by sedimentation equilib-

rium. Electrophoresis in sodium dodecyl sulfate (SDS) containing gels

indicated that the molecular weight was about 39,000. The native enzyme

i-robably contains 2 subunits of about this molecular weight. Fingerprint

analysis of tryptic digests of the protein showed that the two subunits were

very similar or identical. The amino acid content was determined and was

unique only in that this protein contained relatively high content of

leucine (15-20). The enzyme did not appear to contain any sugar residues.

Although, other phenolic 0-methyl transferases require metal ions for activity,

examination of a wide variety of metal ions and metal chelators indicate that

metals do not participate in this methyl transfer reaction.

Significance : It was previously thought that HIOMT was the rate limiting

enzyme in the biosynthesis of melatonin, and that diurnal changes in this

enzyme were responsible for the corresponding changes in hormone levels.

This concept has recently been questioned and from the current work in which
we find that 4% of the total soluble pineal protein is HIOMT and that the
enzyme has a low turnover number it would appear to be unlikely that this

enzyme represents a control point in the pathway. The presence of a number
of different molecular species suggest that possible conversion of one form
to another may be a means of controlling enzyme activity ±n vivo, although
there is yet no evidence for such a mechanism.

Proposed Course of Project : With the availability of large amounts of anti-
bodies to this enzyme it should be possible to specifically study its bio-
synthesis. This type of experimentation is planned. We also plan to
investigate the means by which the various molecular forms of the enzyme are
formed or interconverted.

Publications: None
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1. Experimental Therapeutics Branch

2. Section on Biochemical Pharmacology

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1971 through June 30, 1971

Project Title: A Sensitive and Automated Method for Recording Gastric pH

Changes and H"*" Ion Secretion in Experimental Animals and the

Use of this Method for Studying the Pharmacology of Gastric

Secretion.

Previous Serial Number: NHLI-150

Principal Investigator: G. H. Besselaar, M.D. nJ

„„"'

Other Investigators: Ronald Geller, Ph. D. and Walter Lovenberg, Ph. D. i«||„

Proiect Description: ,„iii,

lull

Objectives: 1) To develop a sensitive method for measuring pH and actual IT"
"'"jl

ion secretion in the stomach of experimental animals. 2) Use of this method ""'

for studying the effects of drug administration on gastric secretion.
,

Methods : The model for continuous recording of gastric secretion in the rat '""

was described in last year's project report. The only modification was in |''

^

the perfusate, which was changed from dilute base (.00025 N NaOH) to .9%

saline pH 7.00. The endpoint of the titration unit was set at the pH of the

inflowing saline, so that in effect the total amount of H"*" ions secreted by

the stomach is neutralized. Gastric secretion in response to various pharma-

cological agents was studied in normal and vagotomized Sprague-Dawley rats

(250-350 grams).

Major Findings : 1) Intravenous infusions of small doses of histamine (8 yg/
min) and pentagastrin (.4 pg/min) consistently stimulate gastric secretion.

These doses result in about half-maximum secretion in most animals. 2) For
vagotomized animals (7-10 days post-operative) the response to the above
mentioned doses of histamine and pentagastrin is either absent or very slight.

With much higher doses, however, the peak response to histamine and penta-
gastrin is the same as in control animals. 3) Serotonin (3 yg/min i.v.)

infusions have an inhibitory effect on gastric acid output stimulated by
|

histamine (8 yg/min). This effect cannot be demonstrated when gastric
secretion is maximally stimulated by histamine, whereas the results of similar
experiments using pentagastrin as the stimulant are variable. 4) L-Tryptophan
and 5HTP in acute experiments had no effect on histamine or pentagastrin C
stimulated gastric secretion. 5) Pretreatment with parachlorophenylalanine t
(PCPA 300 mg/kg for 3 days), a tryptophan hydroxylase inhibitor, resulting h
in serotonin depletion in the proximal duodenum, and a concomitant increase ^

in gastric secretion in Shay rats. Perfused rats pretreated with PCPA showed ^
a decreased sensitivity to histamine and to serotonin. Further work along

1 /^r
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these lines is in progress. 6) We have been unable to demonstrate an

inhibitory effect of secretin on either histamine or gastric stimulated

secretion, using dose levels similar to those used in man and dogs where

the inhibitory effect has been observed. 7) Norepinephrine, angiotensin,

pitressin and PGE, which have been shown in the dog to decrease gastric

mucosal bloodflow, all are strong inhibitors of gastric secretion in the

perfused rat stomach.

Significance : There is good evidence for a duodenal mechanism controlling
gastric acid secretion. Acidification of the duodenum leads to inhibition
of gastric secretion, and to release of serotonin and secretin from this

area. Both compounds, under various circumstances, have been shown to be
able to inhibit histamine and/or gastric stimulated secretion. Depletion of
endogenous serotonin leads to increased secretion; administration of exogenous
serotonin results in inhibition of gastric secretion. By expanding our data
with PCPA (and reserpine) pretreated animals and studying the effect of
vagotomy in these animals we hope to clarify the possible physiologic im-
portance of serotonin in the duodenal inhibitory mechanism of gastric acid
secretion.

Proposed Course of Project : Expansion of the studies of the effect of PCPA
and reserpine on gastric acid secretion in normal and vagotomized animals is

planned. Studies on the effect of 5HTP pretreatment on gastric secretion
on normal and vagotomized animals will also be carried out.

Publications: None
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1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 19 71

Project Title: Tryptophan Hydroxylase and Serotonin in Spinal Cord and
Brainstem Before and After Chronic Transection.

Previous Serial Number: NHLI-145

Principal Investigator: B.V. Clineschmidt , Ph. D.

Other Investigators: Walter Lovenberg, Ph. D. and J.E. Pierce, D.V.M.

Cooperating Units: Section on Laboratory Animal Medicine & Surgery, NHLI

Project Description:

Objectives : 1) To ascertain whether the spinal cord of the cat contains
serotonergic interneurones and 2) to compare the ratio of tryptophan hydroxyl-
ase activity to serotonin (5HT) content in the area rich in serotonin-
containing cell bodies (brainstem) with an area containing predominately axons
(spinal cord), many centimeters removed from their cell bodies.

Findings : Tryptophan hydroxylase and serotonin levels were determined in normal
and chronically transected (Tg-Tg) cats. Lumbosacral and brainstem 5-HT and
tryptophan hydroxylase activity were:

('1/

Control
3 week transection
5 week transection

5-HT yg/gm
cord brainstem
0.70 0.94
0.10 1.19
0.11 1.04

Tryptophan Hydroxylase
mpmoles g"-*- hr"-'-

cord brainstem
8.4

1.8
1.4

13.0
15.8
18.0

Both 5-HT and tryptophan hydroxylase were decreased 80 to 85% in the cord

of animals transected for 3 weeks but significant amounts appeared to remain.
Extending the duration of transection from 3 weeks to 5 weeks caused no

further decrease in either parameter. Brainstem 5-HT was not affected by

spinal transection. However, 5 weeks after transection brainstem tryptophan

hydroxylase was significantly increased.

Significance: D 5-HT Containing interneurones. According to workers

employing the histochemical fluorescent technique, all 5-HT in spinal cord

resides in axons from neurones whose cell bodies lie in the Raphe nuclei

of the brainstem. On the other hand, recent neuropharmacological evidence

nf
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indicates that spinal cord may contain serotonergic intemeurones . If all

spinal 5-HT originates supraspinally, cords removed below the level of

transection from chronically transected animals should contain insignificant

amoup.LS of tryptophan hydroxylase (19% of normal) and 5-HT (14% of normal)

•''fcer complete degeneration of descending axons. These residual levels may

reflect the existence of serotonergic interneurones in spinal cord.

2. Tryptophan hydroxylase-5-HT ratio in cell bodies vs. axons. It was

suggested recently that the brainstem level of tryptophan hydroxylase exceeds

the amount required to maintain the steady-state level of 5-HT, perhaps
because the brainstem contains mostly cell bodies where the enzyme presumably
is synthesized. We found no difference in the ratio of tryptophan hydroxylase
to 5-HT in brainstem (predominately cell body area) as compared with spinal
cord (predominately axon area). Thus, it might be proposed that the level of
tryptophan hydroxylase determines the concentration of 5-HT in a given area
of the brain regardless of whether the area contains mainly cell bodies or
axons. However, such a proposal is difficult to reconcile with the increase
in tryptophan hydroxylase without an accompanying rise in 5-HT which we
observed in brainstem after chronic spinal transection.

Proposed Course of Project : None

Publications :

I. Clineschmidt , B.V., Pierce, J.E. and Lovenberg, W. : Tryptophan
hydroxylase and serotonin in spinal cord and brainstem before and
after chronic transection. J. Neuro. Chem. In Press.
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Serial No. NHLI-92
1. Experimental Therapeutics Branch B.

2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the Biological Role of Histamine: Participation
of Histamine in Inflammation Following Heat Injury

Previous Serial Number: None

Principal Investigator: Zdenka Horakova

Other Investigators: Michael A. Beaven, Ph.D.

Cooperating Units: None

Project Description:

Objectives : In a continuing study of the role of histamine in the body, the
release of histamine in inflammation following heat injury was examined.
These studies were undertaken with the aim of reinvestigating the participa-
tion of histamine in the inflammatory response to heat injury. The current
opinion holds that the role of histamine, if any, in the development of

inflammation is transient and that other mediators are necessary to maintain
inflammation. This opinion is based upon the finding that histamine is

released from injured tissues at a rapid rate and that it has largely dis-
appeared from tissue at a time when inflammation is still developing. However,

a limitation in these experiments is that the assays were insufficiently
sensitive to measure low levels of histamine that may be present after
depletion of histamine stores and which may represent newly synthesized
histamine. The availability of the specific and sensitive enzymatic assay
for histamine makes it possible to obtain more precise information on the
changes in tissue histamine during the course of the inflammatory response to

inj ury

.

Methods : Heat injury was produced in the rat paw by immersion of the paw in

hot water (56°C) for 30 sec. At various time intervals after injury, samples

of the skin and underlying tissue were removed from the paw by skin-punch.
Samples of wound exudate and aortic blood were also collected. The amount of

edema was assessed by measurement of paw volume. Histamine was assayed by
the enzymatic procedure described in Project Report NHLI-144, 1969-70.

Major Findings : The following observations were made after heat injury:

1) Edema of the rat paw was evident within a few minutes of heat injury and
by one hour the paw had swollen to 2 to 3 times its normal size. The edema
persisted for the remaining 24 hours of the experiment.
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2) There was a transient increase in histamine levels in the paw skin
immediately following heat injury. This increase persisted for a few
minutes and was followed by a rapid reduction in the histamine levels.
Twenty minutes after the heat injury, histamine levels in the paw skin
were depleted by 70% compared to control and remained depleted for 24 hours.

3) Large amounts of histamine appeared in the tissue exudate after heat
injury. In non-heat injured animals, the normal exudate contained 300-

400 ng histamine/ml exudate. In heat injured animals, the histfuiiine

content of the exudate rose to 2-3,000 ng/ml by 20 min and remained
elevated, 1,500 ng/uil, at one hr after heat injury. The histamine levels
in the exudate slowly subsided during the 24 hr of the experiment but were
still high, 500 ng/ml, compared to levels in non-heat injured animals,
24 hr after injury. Histamine levels in the circulating blood were
slightly increased after heat injury.

4) In animals that were depleted of tissue histamine by administration of
the histamine liberator, compound 48/80 (1 mg/kg, i.p., four times over
48 hr) , heat injury resulted in only a small increase, 30%, in paw volume
compared to a 2 to 3-fold increase in non-48/80 treated rats. The amount
of histamine in the wound exudate of the 48/80 treated animals was less
than 5% of that seen in nontreated rats after heat injury.

Significance ; The application of heat injury to the rat paw provides a

useful model for studying the role of histamine during inflammation. The
studies show the increased levels of histamine persisted in tissue fluid
for up to 24 hr after heat injury. The amount of histamine present could
be sufficient to account for the edema in the injured paw and is evidence
that the action of histamine in inflammation is of long duration.
Correspondingly, in animals that were depleted of tissue histamine, the
edematous response to heat injury was only 10% of that of normal injured
animals. These findings are important in the consideration of the mechanism
of edema formation and will be the basis of future investigations of vascular
responses to heat injury.

Proposed Course of Project : Studies will be continued to determine whether
the elevated histamine levels in tissue fluids after heat injury represent
newly synthesized histamine or histamine released from tissue stores. The
investigations will include studies of mild heat treatment (48°C) in which
responses such as vascular dilation and edema are reversible. The effect
of agents which promote histamine synthesis or block its metabolism and
the effect of antiinflammatory agents on the response to histamine during heat
injury will be studied. It is hoped that such investigations will provide
information on whether histamine plays a role in vascular physiology.

Honors and Awards: None

Publications: None
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1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report ^i

July 1, 1970 through June 30, 19 71 >

Project Title: Studies on the Mechanisms of Binding and Release of Biogenic
Amines

.
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Previous Serial Number: NHLI-148

Principal Investigator: Larry Loeffler, Ph. D.

Other Investigators: Walter Lovenberg, Ph. D. f\f

Cooperating Units: None "11.1

Project Description:
i* I'l

Objectives : To further elucidate the manner in which biogenic amines are
|

bound in cellular storage sites and the mechanism by which release occurs in
'"'"

response to various chemical agents. In particular, to study the mechanism of
,,|i,i

histamine release from mast cells. },„

Methods : The peritoneal mast cell system of the rat has been used to study: '„„

1) the release of histamine by the selective releasing agent compound 48/80
or high molecular weight dextran; 2) the effects of certain adenine nucleo-
tides, phosphodiesterase inhibitors and prostaglandin E^ upon 48/80 induced
histamine release; 3) the binding of tritium labelled 48/80 to mast cells;
and 4) the nature of the protein material in storage granules of the mast
cell. Hi vitro cell suspensions and well established assay procedures have
been employed in all of these studies.

Major Findings : 1) Histamine release studies and 2) The effects of adenine-
nucleotides, phosphodiesterase inhibitors and prostaglandin E^. Heterogeneous
peritoneal cell suspensions were found to respond uniformly and consistently to

compound 48/80 (concentration of about 1 Mg/ml for 5 minutes) as described in
the literature, giving a very rapid release of 70-80% of the total histamine
content. Preincubation of the cell suspensions for short time (i.e. 20 min)

with dibutyryl-3'5'-c-AMP (DB-c-AMP) was found to cause inhibition of histamine
release by compound 48/80. Strong inhibition was observed at 10~^M concentra-
tion, statistically significant inhibition at 10~%. The following adenine

nucleotides were found to be ineffective as inhibitors at similar concentra-

tions: 5'-AMP; 5'-ADP; 5'-ATP; and 3'5'-c-AMP. Adenosine, phosphate and

pyrophosphate were also ineffective.
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In an effort to obtain effects with DB-c-AMP at concentrations approaching

physiological, inhibitors of c-AJCP phosphodiesterase were studied and were

also found to inhibit 48/80 induced release, even in the absence of added

DB-c-AMP. Theophylline was completely inhibitory at 10-2m concentration and

oirtiaily effective at 10~3m. The phosphodiesterase inhibitors reserpine,

DEAE-reserpine and perphenazine were very significantly inhibitory at con-

centrations of 3 X 10~^M, 5 X 10"% and 6 x 10"%, respectively. These con-

centration levels are similar to those required for phosphodiesterase

inhibition. The latter three inhibitors, but not theophylline, themselves

promoted a less dramatic release of histamine compared with 48/80 during

prolonged incubation periods. The inhibitory effects of theophylline or

DB-c-AflP could be removed by washing of centrifuged cells and the response

of resuspended cells to the releasing agent 48/80 nearly completely restored.

Prostaglandin Ei, which would be expected to stimulate adenyl cyclase and

elevate c-AMP levels, was also found to be an effective histamine release

inhibitor, at concentrations of 3 x 10~^M and above.

The above interest in the ^lU vitro effects of DB-c-AMP and theophylline was
stiiTiulated by the work of Drs. H. H. Baxter, M.A. Beaven and Z. Horakova, who
found that these agents protect rats against the anaphylactoid response to

dextran and effectively block the normal elevation of blood histamine found
after administration of dextran.

3) Binding of tritium labelled 48/80 to mast cells. Compound 48/80 was
randomly labelled with tritium via the Wilzbach procedure and the product was
found to retain its histamine releasing activity. By means of column
chromatography on CM Sephadex and Sephadex, four major peaks of radioactivity
were obtained. All of the biological activity resided in the major or
highest molecular weight fraction. At a concentration of 1 pg/ml, only about
3-4% of the labelled material became "bound" to the cells after incubation.
No significant differences in binding were observed upon preincubation of the
cells with the release inhibitors DB-c-AMP and theophylline. Therefore, these
experiments offer no evidence that these compounds inhibit histamine release
by inhibiting the binding of 48/80.

4) Investigations of the nature of the protein component of the mast cell
storage granule. Homogenous mast cells, obtained by density gradient
centrifugation of peritoneal cell mixtures, were ruptured by sonication and
the granules isolated by differential centrifugation. Disc gel electro-
phoresis studies on the granular material (heparin-protein-his tamine complex)
indicated that the protein material was a complex multicomponent one, and no
further work was initiated.

Significance : Previously reported studies indicate that release of histamine
from mast cells by 48/80 involves: 1) attachment of 48/80 to the cell membrane,
2) specific and extremely rapid degranulation by an energy requiring
"exocytosis" of granules which contain a histamine-heparin-protein complex,
and 3) liberation of the heparin bound histamine from the granules by an ion
exchange process with cations of the extracellular fluid. The effects of
DB-c-AMP, various phosphodiesterase inhibitors and prostaglandin E on this
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release process can be interpreted as circumstantial evidence supporting a

role for the adenyl cyclase system. Higher levels of cyclic AMP would appear
to protect the cell against the effects of 48/80, perhaps by altering the

energy requiring release process. Elevated levels of c-AMP can be promoted
by DB-c-AMP which presumably enters the cell rapidly, phosphodiesterase
inhibitors, which prevent the destruction of c-AMP and PGEj^, which stimulates
adenyl cyclase. Definitive biochemical studies on the adenyl cyclase system
of homogeneous mast cells and measurement of c-AMP levels in response to

release iniiibitors are required to establish definitely the role of the adenyl
cyclase system if any.

Proposed Course of Project : No further work is contemplated. Extension of

these observations to antigen-antibody promoted histamine release, and
definitive biochemical studies of the adenyl cyclase system in the mast cell,
would be of considerable interest in the understanding of allergic responses.

Publications ; ,11, if

1. Loeffler, L. J. , Lovenberg, W. , and Sjoerdsma, A.: Effects of dlbutyryl- '"»'*

3'5'-cyclic-adenosine monophosphate, phosphodiesterase inhibitors and i!!]],,,

prostaglandin E^ on histamine release from rat peritoneal mast cells
l''l''"

in vitro. Biochemical Pharmacol. In Press. '!!'
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1. Experimental Therapeutics Branch

2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the Biosynthesis and Metabolism o£ Physiologically
Active Amines.

Previous Serial Number: NHLI 149

Principal Investigator: Walter M. Lovenberg, Ph.D.

Other Investigators: B. Van Clineschmidt, Ph.D., Paul J. Schechter, M.D.

,

Ph.D., David Horwitz, M.D. , and Richard Wyatt, M.D.

Cooperating Units: Adult Psychiatry Branch, National Institute of Mental
Health.

Project Description:

Objectives : A number of phenylethyl- and indolealkylamines have physiological
roles or are pharmacologically active. The objectives of this study are to

learn more about the physiologic roles of amines and to understand what con-
trols their synthesis and degradation. The studies are directed specifically
towards serotonin, dopamine, and norepinephrine.

It has been reported recently that moa"phine addiction in mice results in
an increased synthesis of serotonin in the brain. In this study this finding
is reexamined and the rate limiting enzyme (tryptophan hydroxylase) in serotonin
synthesis is measured in morphine addicted mice. The effect of chronic
administration of a serotonin antagonist (methysergide) or a serotonin de-
pletor (reserpine) on tryptophan hydrox>4ase in the brain is measured in an
effort to further understand the mechanisms controlling serotonin synthesis.
In addition, the levels of tryptophan hydroxylase have been measured in REM
deprived rats. Finally, the level of dopamine- 6 -hydroxylase has been examined
in normal and hypertensive human serum.

Methods : Mice were addicted to morphine by subcutaneous implantation of a

morphine pellet (75 mg) for 5 days. Rats were treated with reserpine 2.5
mg/kg daily for 3 days or with methysergide 5 mg/kg twice daily for 5 days.
Serotonin synthetic rates in mice were measured by the rate of accumulation of
serotonin in the brain following administration of a monoamine oxidase inhibi-
tor. Tryptophan hydroxylase was measured in the supernatant fraction of brain
homogenates using a tritium release assay developed in this laboratory. Depri-
vation of REM in rats was achieved by confining the animals to 6 cm flower pots
inverted in containers of tepid water.
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Major Findings : The tryptophan hydroxylase activity in the brain o£ mice
addicted to morphine (95 +_ 9 yymoles/mg) showed no significant difference
from mice implanted with control pellets (102 +_ 7 yymoles/mg/hr) . The

adequacy of the addiction treatment was confirmed by measuring Naloxone
withdrawal (jumping test) . Since there was no difference in the rate con-

trolling enzyme, the original observation on increased brain serotonin

synthesis in addicted mice was reinvestigated. In contrast to the reports in

the literature, we find no difference in the rate of serotonin accumulation
following a, monoamine oxidase inhibitor in morphine addicted animals.

Rats treated chronically with reserpine have brainstem tryptophan
hydroxylase levels which are identical with normal rats. The brainstem
tryptophan hydroxylase levels in rats treated with methysergide , however,

appeared to be slightly lower than controls (0.25 vs 0.35 mymoles/mg/hr)
in preliminary experiments. It was expected that tryptophan hydroxylase

activity might be increased following REM deprivation since it has been re-

ported that serotonin turnover increases. In this study, however, the REM

deprived animals did not show a significant difference from the appropriate

control animals (0.27 vs 0.31 mymoles/mg/hr). The stressed control animals

(large pots surrounded by water) showed significantly higher tryptophan

hydroxylase than nonstressed controls (0.23 vs 0.31 mymole/mg/hr)

.

Since the enzyme dopamine- B -hydroxylase is released into plasma during

sympathetic activity and one of the factors in some types of human hyperten-

sion is increased "sympathetic" activity, a study measuring dopamine-6-

hydroxylase in control and hypertensive patients was started. Normal levels

of enzyme activity were found to range from 130 to 500 mymoles of tyramine

hydroxylated per 20 minutes per ml of plasma. Two patients with pheochromo-

cytoma and 2 hypertensives had levels in this range. A third patient with

hypertension had a very low level of this enzyme (2-4 mymoles tyramine/ml/

20 min)

.

Significance : The increasing use of psychoactive drugs medically and abuse

of these compounds by the general population makes it imperative that we

understand the mechanism by which these drugs act. Many of these compounds

appear to relate in one way or another to serotonin metabolism in the central

nervous system. Although the results are largely negative they are of value

to our understanding of a relatively unknown aspect of the mechanism of action

of psychoactive drugs. The studies in the REM deprived animals do little to

further our understanding of the role of serotonin in REM sleep. They do pro-

vide evidence that tryptophan hydroxylase levels are not necessarily the con-

trolling factor in serotonin turnover.

Proposed Course of Project : Studies will be continued on the possible decrease

in tryptophan hydroxylase after methysergide treatment, and the effect of other

serotonin antagonists will be evaluated. A much wider study on the dopamine-

s-hydroxylase in plasma is planned. The patient with the extremely low levels

of this enzyme will be further studied to determine if the essential absence

of dopamine- 6-hydroxylase is in any way related to his hypertension.

2 /y?
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Honors and Awards: None

Pi'ilications:

1. Lovenberg, W. and Engelman, K. : Serotonin. In: Handbook of

Clinical Laboratory Data (Ed. 3) . Cleveland, Ohio, Chemical

Rubber Co. In press

.

2. Lovenberg, W. : Some vaso- and psychoactive substances in food -

amines, stimulants, depressants and hallucinogens. In: Toxicants
Occurring Naturally in Foods . Washington, D.C. National Research
Council Publication. In press

.
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1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Shock-induced Aggression in Hypertensive Rats.

Previous Serial Number: None

Principal Investigator: Wybren DeJong, M.D. , Ph. D.

Other Investigators: B. Eichelman, M.D. , Ph. D. (LCP-NIMH) and R. B.
"|l„

Williams, M.D. (LCP-NIMH).
'f.,/
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Cooperating Unit: Laboratory of Clinical Psychobiology, National Institute C\l

of Mental Health. i',/
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Project Description: ,„"

Objectives : Behaviour is an important aspect of hypertension and little i"

information is available on the behaviour of hypertensive rats. We felt
that a study of aggression in the genetically pure strain of spontaneously I

hypertensive rats (SHR) might give valuable data when compared to adequate n"

normotensive and hypertensive controls. !l''

Methods : Fighting was induced in paired female rats by applying 50 electric
shocks (2mA) to their feet in each session on four consecutive days. In
addition mouse killing was studied in all rats used and we also determined
the jump-flinch thresholds by a standardized method. The rats used were
10-12 weeks old. Renal hypertension was induced by application of a solid
silver clip (0.25 mm int. diameter) on the left renal artery in 8 weeks old
rats. These rats were studied 5-7 weeks after the operation.

Major Findings : In normotensive Wistar rats (NIH) a high fighting rate was
observed on all four days, while another normotensive strain (Sprague-Dawley
rats, Zivic Miller Laboratories) showed low fighting rates on all four days.
Spontaneously hypertensive rats had a high fighting rate on the first day
studied which decreased to low levels on the subsequent days. Comparison to
renal hypertensive rats (Wistar strain, NIH) indicated that this decrease was
not a direct effect of the high blood pressure since fighting rates of the
renal hypertensive rats remained high as observed in normotensive Wistar
controls. No significant differences in mouse killing were observed between
the different groups of rats studied. A slightly lower jump-flinch threshold
was observed in the S.H. rats.
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Significance : These findings show that high blood pressure by itself does not
affect shock-induced fighting of paired rats. The decrease of fighting rates
of SHR may be specific for genetic hypertensive rats.

Proposed Course of Project : Shock-induced aggression in another type of

genetic hypertensive rats (salt dependent hypertension) will be studied to

obtain information about the specificity of the observed decrease in fighting
rate in SHR.

Publications: None
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1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Renin-angiotensin System of the Spontaneously Hypertensive
Rat.

Previous Serial Number: None

Principal Investigator: Wybren De Jong, M.D. , Ph.D. (Guest Worker)

Other Investigators: Walter M. Lovenberg, Ph.D. and Albert Sjoerdsma, M.D.

,

Ph.D.

Cooperating Units: None

Project Description:

Obj ectives : The renin-angiotensin system is o£ importance in hypertension and
its role is insufficiently documented in the genetically pure strain of
spontaneously hypertensive rats (SHR) . To obtain a greater understanding of
"die contribution of this system to the high blood pressure in these animals
we investigated this system in male SHR at different ages.

Major Findings : Plasma renin activity of SHR (3.9 ng/ml) was found to be high-
er than in controls (1.5 ng/ml) at 12 weeks of age and this difference re-
mained up to 35 weeks of age. At 8 weeks in the initial experiment no signifi-
cant difference occurred. However, in additional experiments an increase of
plasma renin activity of SHR was found as early as 6 weeks of age. An increase
in plasma renin substrate was observed in SHR of 16 weeks and older. At the
age of 20 weeks renin substrate levels were 665 + 18 ng/ml in Wistars and
905 +_ 43 ng/ml in the SHR. A marked decrease inlcidney renin content was found
in SH rats at 35 weeks of age. When renal renin release was stimulated by
pentobarbital, plasma renin activity of renal venous blood of SHR did not
differ from that of normotensive Wistar rats. Also no difference in plasma
renin activity was observed \^^en measured at the time of peak activity during

normal diurnal rhythm. Preliminary studies indicated that the elevated plasma
renin in SHR may arise from an extrarenal source, since it is still present in

plasma of these rats 18 hours after nephrectomy.

Significance : Several investigators suggested that the renin angiotensin

system is depressed by the high blood pressure level in genetic hypertensive

rats. The decrease of kidney renin content in older animals might be a

reflection of such a mechanism. The present findings, however, do not confirm

such a mechanism in SH rats. The significance of the observed increased

plasma renin activity in SPIR for the high blood pressure remains to be

ascertained. Occurrence of a extrarenal renin- like enzyme that contributes to

1 ^83
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plcisma renin activitv' is unusual but has been shown in nephrectomized
patients and in different animal species after a bilateral nephrectomy.

Proposed Course of Project : It is proposed to clarify the mechanism which
induces increased plasma renin activity in SH rats , to determine the source
of the presumably extra-renal renin like enzyme and to evaluate the con-
tribution of the increased plasma renin activity to the hypertension.

Honors and Awards: None

Publications: None
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Serial No. NHLI-97
1. Experimental Therapeutics Branch

2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Tryptophan Hydroxylase and Phenylalanine Hydroxylase:
Comparative Properties, Purification and Interactions.

Previous Serial Number: None

Principal Investigator: Richard E. Bensinger, M.D.

Other Investigators: Walter M. Lovenberg, Ph.D.

Cooperating Units: None

Project Description:

Ob j ectives : Tryptophan hydroxylase and phenylalanine hydroxylase catalyze an
important step in the biogenesis of clinically significant intermediary sub-

stances in amine metabolism. The fundamental properties appear similar for
the two enzymes but little work has been done comparing the two. This project
will investigate these interrelationships and attempt to purify the enzymes to

accomplish this purpose. In addition, clinically useful information related
to diagnosis of disorders involving these two enzymes is being sought.

Major Findings : A new assay for tryptophan hydroxylase has been developed.

This assay is based on the release of tritium atoms from 5 -^H-tryptophan fol-

lowing hydroxylation. Although the "NIH shift" occurs, incubation of the

product, 4-2H-5-hydroxytryptophan, under acid conditions results in complete
release of the tritium. The assay can measure the formation of as little as

0,2 mymoles of 5-hydroxytryptophan and can be used with small tissue samples

from the central nervous system, liver, or kidney. This assay and a similar
one for phenylalanine hydroxylase has facilitated the remainder of the studies.

Tryptophan hydroxylase from bovine pineal has been purified some 30 -fold

using standard protein fractionation procedures. Phenylalanine hydroxylase
has also been partially purified from rat liver by a published procedure.

Attempts to more easily prepare this enzyme using affinity chromatography re-

sulted in the isolation of a fraction from rat liver which had very high
specific activity using phenylalanine as a substrate, but little activity to-

ward tryptophan. This fraction, however, strongly stimulated tryptophan
hydroxylase which had been partially purified from bovine pineals. The trypto-

phan hydroxylase stimulating factor (THS) was present in crude tissues and
appeared to be purified simultaneously with phenylalanine hydroxylase activity.

It was both heat labile and non-dialyzable. It is possible that THS is

1 /0sr
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s)Tionomous with liver phenylalanine hydroxylase. THS both stimulates
tryptophan hydroxylase and shifts the pH optijnum from 7.3 to 8.2. Although
the partially purified fractions from beef pineal hydroxylate both phenyl-
alanine and tryptophan, only tr)'ptophan hydroxylating activity is stimulated.
Studies on cofactor specificity indicate that only fenrous iron satisfies
the metal requirement and that ascorbic acid will not replace the reduced
pteridine requirement.

Another part of this project is designed to develop specific radio-

pharmaceuticals which will localize tumors having an excess of these enzymes,
or enzymes of related systems. The labeled nuclide is attached to substrates
or inhibitors having a high affinity (low I^ or Kj) for the enzyme, thus
binding there and identifying the neoplastic tissue. Preliminary experiments
are being conducted by measuring tlie tissue distribution of 131-iodotyrosine
in rats. Since this is an inhibitor with high affinity for tyrosine
hydroxylase, it might be expected to be differentially retained by the adrenal
glands which have a large amount of this enzyme. No such distribution is yet
evident

.

Significance : The development of a simple and sensitive radioassay for
tryptophan hydroxylase will greatly enlarge the scope of the work that can be
done with this important enzyme. The finding of a second protein factor that
stimulates tryptophan hydroxylase may in part explain the great difficulties
previously encountered in attempts to purify this enzyme. Since the
stimulating factor appears to be identical with phenylalanine hydroxylase, it
suggests that mammalian hydroxylating enzymes may consist of several subunits
and that the substrate specificity in individual organs may reflect a particu-
lar combination of these units. These findings also have implications for the
disease phenylketonuria in which individuals lack the enzyme phenylalanine
hydroxylase but appear to be capable of forming hydroxyindoles . Further under-
standing of the hydroxylase reactions are inportant in the design of com-
pounds to help regulate serotonin synthesis in m.ental disorders and in hydroxy-
indole producing tumors (carcinoid)

.

The development of techniques using radionuclides to detect areas of
relatively high concentration of certain enzymes would be of obvious benefit
both in the diagnosis and surgical removal of tumors.

Proposed Course of Project : The complete isolation of the tryptophan
hydroxylase stimulating factor will be attempted. Using this factor attempts
to isolate pineal tryptophan hydroxylase will be made. Continued attention
will be devoted to possible inhibitors and their possible clinical significance.

Honors and Awards: None

Publications:

1. Lovenberg, W. and Jackson, R.L.: Tryptophan- 5 -hydroxylase. In:

Methods in Investigative and Diagnostic Endocrinology . In press.
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2. Lovenberg, W. , Bensinger, R.E., Jackson, R.L., and Daly, J,W. : Rapid
analysis o£ tryptophan hydroxylase in rat tissue using 5 -3h-tryptophan.
Anal. Biochem. In press.
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1. Experimental Therapeutics Branch

2. Section on Biochemical Pharmacology

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the Isolation and Characterization of Clostridial

Electron Transfer Proteins and Other Iron-Sulfur Proteins.

Previous Serial Number: NHLI-154

Principal Investigator: Walter M. Lovenberg, Ph.D.

Other Investigators: William A. Eaton, M.D. , Ph.D.

Cooperating Units: Laboratory of Physical Biology, NIAMD; Central Research
Department of DuPont, Wilmington, Delaware; Department
of Chemistry, Pennsylvania State University, University
Park, Pennsylvania.

Project Description:

Objectives : Iron-sulfur proteins are a large class of proteins that catalyze
many vital redox functions in living organisms. The major objectives of this
project are to elucidate the structure of the active center of this type of
protein, and to learn how this relates to its role in accepting or donating
electrons. Both rubredoxin, a single-iron protein, and the ferredoxin type
multi-iron proteins have been used in this work. Clostridial rubredoxin which
was first isolated in this laboratory several years ago is the most simple of
the iron-sulfur proteins, consisting of a single polypeptide chain which con-
tains four cysteine residues, positioned in such a way that the sulfhydryl
groups tightly chelate a single iron atom. The ferredoxin type protein also
consist of a single polypeptide, but these contain several sulfhydryl groups
which fonn a much more complex structure with 2 or more iron and inorganic
sulfide atoms. These proteins normally occur in the oxidized form and trie

addition of one or two electrons to the iron-sulfur complex results in changes
in the physical -chemical properties that provide clues for determining the
nature of the active center. Several chemical and physical techniques have
been used to further understand the nature of the iron binding site.

Methods : A. Rubredoxin . Rubredoxin from Clostridium pasteurianum consists
of 54 amino acids. Using the classical amino acid sequencing techniques and
data provided by x-ray crystallographic analysis the following tentative
sequence has been determined:

fee
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F-Met Lys Lys Tyr Thr Cys Thr Val Cys Gly Tyr Ilu Tyr Asp Pro Glu Asx Gly Asx

Pro Val Asx Gly Asx Asx Asp Gly Thr Asp Phe Lys Asp Ilu Pro Asp Asp Try Val

Cys Pro Leu Cys Gly Val Gly Lys Asp Glu Phe Glu Glu Val Gin Glu

This sequence shows a number of homologies with the. 2 other rubredoxins from
anaerobes that have been sequenced, and with each half of the much larger
Pseudomonad oleovoran rubredoxin. Most important, however, is the observa-
tion that the cysteine residues occur in homologous positions since it is the
sulfhydryl groups that hold the iron atom. Also of interest is the finding
that the initiator amino acid of bacterial polypeptide synthesis, N formyl-
methionine, is retained at the N terminus. This is the first native protein
that has been found to retain this residue.

The geometry of the ligand field of the high spin iron atom in rubredoxin
was reported previously to be approximately tetrahedral. This was determined
by x-ray crystallographic analysis, and by the measurement of a very optical-
ly active d ^ d transition in the near infrared using the technique for
measuring circular dichroism in the infrared developed in this project. This
work has been continued and extended. The original observations indicated an
optically active absorption band at about 1.6 p in reduced rubredoxin. Be-
cause of a "\/indow" in the opacity of D2O, we now have been able to extend the
observed spectra to include 0.8 to 1.8 y and 2.1 to 2.5 \i. The data indicate
that another optically active band in reduced rubredoxin is centered at a
somewhat lower energy than 2.5 vi. This band is also interpreted as arising
from a d ^ d transition in the reduced rubredoxin. The splitting of the d -> d
absorption bands probably results from a distortion in perfect tetrahedral
symmetry around the iron atom. This distortion has been confirmed by the
large degree of didiroism in the visible absorption spectra of single crystals
observed parallel and perpendicular to the crystal axis. The x-ray analysis
also suggests some distortion. Another approach to the ligand geometry of
rubredoxin has been examination of the Laser-Raman spectra in collaboration
with Dr. Thomas V. Long. Excitation of the molecule with the 488 nm line of
an Ar"*" laser results in Raman spectra which are consistent with a tetra-
hedrally bound iron atom.

Examination of the magnetic susceptibility, the nuclear magnetic
resonance spectra and the Mossbauer spectra of rubredoxin all were consistent
with the following conclusions: 1) the iron of rubredoxin is high spin ferric
and high spin ferrous in the oxidized and reduced forms respectively, and 2)

the iron is held in a ligand field consisting of the four cysteinyl sulf-
hydryls

.

B. Ferredoxin Type Proteins . It was reported previously that in C.

pasteurianum ferredoxin all the g protons of the cysteinyl residues were very
strikingly contact shifted in the NMR spectrum. This was interpreted as

resulting from the bonding of the sulfhydryl groups to the iron atoms since

2 /8f
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these contact shifted resonances exhibited anti-Curie law behavior. Studies

on this phenomenon have been further refined and extended over broader
temperature ranges, but with no new fundamental discoveries.

More significant, however, has been the application of the teclmiques for
measuring infrared absorption and circular dichroism developed in the

rubredoxin study to plant ferredoxin and adrenodoxia. Tliese two electron
carriers which serve key roles in plant and mammalian metabolism each have 2

iron and 2 inorganic sulfide atoms and are similar in many physical properties,
altliough the structure of their active centers is not known. The following
proteins were examined: spinach ferredoxin, parsley ferredoxin and beef
adrenodoxin. Each of these proteins had an optically active band at approxi-
mately 1.6 u when in the reduced state. Although the extinction coefficient
and anisotropy factor v/ere not identical to rubredoxin, these band^ were
qualitatively similar and suggested the possibility that a high spin ferrous
atom was tetrahedrally coordinated. Like rubredoxin these proteins also had
absorption bands at energies lower than 2.2 u. '/\(hile the evidence is somewhat
less convincing than in the case of rubredoxin, it is consistent with a recent-
ly proposed model for the active center of the 2 iron-2 sulfur protein depicted
in 2 dimensions:

Significance : The development of indirect techniques using the simple iron-
sulfur protein rubredoxin for probing the nature of the iron binding in other
iron-sulfur proteins has been successful. Use of such techniques has facil-
itated a greater understanding of the active center in the very important iron-
sulfur protein plant ferredoxin and adrenodoxin.

Proposed Course of Project : Work will continue on the use of infrared absorp-
tion and circular dichroism to elucidate the structure of the more complex
iron-sulfur proteins. Studies on the role of various amino acid side chains
in maintaining the conformation necessar)' for iron binding will be initiated.
The single crystal spectra of rubredoxin will be examined carefully in an
attempt to use this means to define the nature of the distortion in the tetra-
hedral ligand field.

Honors and Awards: None

Publications:

1. Phillips, W.D. , Poe, M. , Weiher, J.F., McDonald, C.C., and Lovenberg, W.:

Proton magnetic resonance, magnetic susceptibility and Mossbauer studies
of Clostridium pasteurianum rubredoxin. Nature 227: 574-577, 1970,
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2. McCarthy, K. F. and Lovenberg, W. : N-£ormyMethionine: The N terminus
o£ Clostridium pasteurianum nibredoxin. Biochem. Biophys. Res. Commun.
40: 1053-1057, 1970.

'

3. Eaton, W. A. and Lovenberg, W. : Near-infrared circular dichroism o£ an
iron- sulfur protein, d ->- d transitions in rubredoxin. J. Am. Chem.
Soc. 92: 7195-7198, 1970.

'

4. Long, T. v., II, Loehr, T. M. , Allkins, J.R. , and Lovenberg, W. : The
determination of iron coordination in nonheme iron proteins using
Laser-Raman spectroscopy. II. Clostridium pasteurianum rubredoxin in
aqueous solution. J. Am. Chem. Soc. In press.

^^/

i«eWS«3E»-K-^.'^ %,;.«. .^•<^£.'



Serial No. NHLI-99
1. Experimental Therapeutics Branch

2. Section on Biochemical Pharmacology

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 19 70 through June 30, 1971

Project Title: Catecholamine Metabolism and Blood Pressure of Spontaneously

Hypertensive Rats.

Previous Serial Number: NHLI-156

Principal Investigator: Hirohiko Yamabe, M.D.

Other Investigators: Wybren DeJong, M.D. , Ph. D, , B. Van Clineschmidt, Ph.D.,

Yukio Yamori, M.D., Walter Lovenberg, Ph. D. and

Albert Sjoerdsma, M.D. , Ph. D.

Cooperating Units: None

Project Description:

Objectives : Previous studies have shown that a genetically pure strain of

spontaneously hypertensive rats (SHR) had lower levels of brainstem norepi-
nephrine (NE) than similar Wistar control animals. The objective of this

study was tc attempt to correlate the reduced brainstem NE with the develop-
ment of hypertension.

Major Findings : Norepinephrine Synthesis. The mechanism which results in

decreased brainstem NE in the SHR is unknown. An examination of the enzymes
responsible for the biosynthesis of NE in SHR and control rats indicated that
tyrosine hydroxylase was similar in each, but the level of aromatic L^ amino
acid decarboxylase was reduced to about 50% in SHR. The decrease in decarboxyl-
ase was apparent even in newly born animals. Crosses between SHR and control
animals gave a F-^ generation that had decarboxylase levels that were inter-
mediate between the hypertensive and control animals. Examination of the
kinetic properties of the enzyme from each source revealed that the Km values
for ]^-5-hydroxytryptophan and L^-dopa were essentially the same from either
strain. The values for L-5-HTP were about 8 x lO-^M and for L-dopa 2.5 x 10"%.
Thus, it appears that the gross amounts of aromatic I^-amino acid decarboxylase
in these two strains of Wistar rats are different and that these levels are
genetically controlled.

Effects of 6-Hydroxydopamine (6-HDA) . It is known that 6-HDA destroys
sympathetic nerve endings when administered peripherally. If the hypertension
in the SHR was in any way related to over-activity of the sympathetic nervous
system, then destruction of the peripheral sympathetic nerves should result
in a reduction in blood pressure. Administration of 6-HDA resulted in
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destruction of up to 80% of the sympathetic nerves in heart, spleen, and

kidney as determined by catecholamine content of these organs. The treatment

resulted in no more than a very transient effect on blood pressure. Con-

versely it was felt that if levels of catecholamines in the brainstem were

inversely related to blood pressure that central administration of 6-HDA in

normal animals should result in the development of hypertension. Several

experiments were done in which various doses (50 to 800 yg) of 6-HDA were

injected intraventricularly. In one experiment (100 ]sg 6-HDA centrally)

the animals developed significant increases in blood pressure, however,

several subsequent experiments failed to confirm this finding. In all

experiments, however, substantial (> 50%) decreases in brainstem NE were

found. From these experiments one could not substantiate a clear inverse

relationship between brainstem NE nor could the peripheral sympathetic system

be implicated in the development of hypertension.

Catecholamine Repletion. Attempts were made to elevate the levels of

catecholamines in the central nervous system of the SHR. Administration of

the catecholamine precursor L^-dopa (200 mg/kg) to SHR with or without the

peripheral decarboxylase inhibitor MK-486 (L^-hydrazino-a-methyldopa) , 100 mg/kg,

resulted in an acute and significant decrease in blood pressure. Continued
administration of MK-486 and L^-dopa for several days in the SHR continued to

depress blood pressure. Chronic treatment of animals, however, did not appear
to be feasible since the animals receiving this drug treatment ceased to grow

normally. Using several different dosage schedules of dopa with or without
a decarboxylase inhibitor and/or a monoamine oxidase inhibitor, a significant
inverse correlation between blood pressure and brainstem NE was observed.

Since treatment of animals with L^-dopa causes a decreased serotonin content
of the brainstem, the effect of the specific serotonin depletor p-chloro-
phenylalanine (PCPA) was studied. In normotensive Wistars and SHR a slight
but significant increase in blood pressure occurred following a serotonin
depleting dose of 300 mg/kg of PCPA. Administration of the normal serotonin
precursor, 5-HTP, to normal or SHR did not affect blood pressure. It was
therefore concluded that the ability of L-dopa to reduce blood pressure was
perhaps related to catecholamine repletion, but probably not to serotonin
depletion.

Significance : Hypertension in man is a complex disorder probably resulting
from a variety of factors. The genetically hypertensive rats appear to be
an excellent animal model of essential hypertension in man. The current work
raises the possibility that one of the factors in the hypertension of these
animals is a decrease in the number of or activity of noradrenergic neurons
in the central nervous system. It is interesting to note that one of the

side effects in patients receiving L^-dopa for Parkinsonism is hypotension.
At a metabolic level this work also raises the possibility that of the
enzymes involved in the biosynthesis of NE from tyrosine, tyrosine hydroxylase
may not be the rate limiting enzyme in all conditions. In other words the NE
biosynthetic enzymes may be reasonably well balanced in vivo and a 50% decrease
in aromatic L^ amino acid decarboxylase may be sufficient to affect the level
of NE in tissues.

I
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Proposed Course of Project : Studies are now in progress using H-dopa and
jI-^C- tyrosine as precursors of ME to determine if the SHR have a lower NE

synthetic rate and if in this instance the decarboxylase could be rate

limiting in the central nervous system. Systems have been reestablished for

the complete separation and measurement of tyrosine, dopa, dopamine and nor-

epinephrine in tissues and experiments are being done to evaluate central and

peripheral catecholamine metabolism in SHR.

Publications ;

1. Yamori, Y., Lovenberg, W. , and Sjoerdsma, A.: Norepinephrine metabolism
in brainstem of spontaneously hypertensive rats. Science 170: 544-5''^6,

1970.
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1. Experimental Therapeutics Branch
2. Section on Biochemical Pharmacology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on a Pineal Gland Protein Kinase

Previous Serial Number: None

Principal Investigator: Joseph Fontana, Ph. D.

Other Investigators: Walter Lovenberg, Ph. D.

Project Description:

Objectives : It has been observed that norepinephrine stimulates the pro-

duction of melatonin in the pineal gland. This stimulation appears to operate

through a cyclic AMP mechanism. The objective of the present investigation is

to probe for the existence of a cyclic-AMP sensitive control mechanism in

pineal extracts, characterize it and determine its physiological significance.

Methods : Cyclic-AMP-dependent protein kinases which catalyze the phosphoryla-

tion of casein, protamine and/or histone by ATP have been found in muscle,

liver, brain, rabbit, reticulocytes, adipose tissue and bacteria. Utilizing
the hypothesis that such a cyclic-AMP dependent kinase also exists in the

pineal gland, a protein kinase assay was adapted to the pineal system. The

assay simply involves the phosphorylation by ATP-yP-^^ of either endogenous or

exogenous (histone, casein, etc.) substrate in the absence or presence of

cyclic AMP.

The sources of pineals employed in the study are Pel-Freeze and Swift and

Co. Rat pineals are freshly obtained from Sprague-Dawley rats.

Major Findings : Cyclic-AMP dependent kinase activity was found in bovine

pineal homogenates. The activity was partially purified by (NH4)2S04

precipitation (0-33%) and passage through DEAE-cellulose using step elution

with 0.1 and 0.3M potassium phosphate pH=7.0 buffers. Two peaks of protein
kinase activity were eluted from the DEAE-cellulose column-one eluting a

O.IM potassium phosphate and the second at 0.3M potassium phosphate. The

entire activity from the latter peak was stimulated from 10-30 fold by cyclic-

AMP. Maximum stimulation occurred at SxlO'^M cyclic-AMP. Although a variety

of proteins, including histone, phosvitin, casein and bovine serum albumin

were able to act as phosphate acceptors for the enzyme, histone was far more

effective in low amounts on a weight basis than were any of the other proteins

studied. Lysine rich histone and histone seem to give similar results and

both are better substrates than arginine rich histone.

L
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It has also been possible to detect protein-kinase activity in individual

rat pineals (= 1 mg wet weight). Preliminary experiments show that this

activity is slightly stimulated by cyclic-AMP. Conditions must be further

developed to confirm this cyclic-AJIP stimulation.

S ignificance and Proposed Course of Project : The diurnal variation of the

enzyme levels in the melatonin pathway in pineals offers a unique means of

examining one possible physiological significance of the cyclic-AMP dependent
protein kinase activity. Further studies will examine the response of the

cyclic-AMP dependent protein kinase to variations in environmental lighting
and stimuli from the central nervous system and correlate these responses to

variations in the levels of the melatonin biosynthetic enzymes and phosphoryla-
tion of endogenous histones. These studies may elucidate the role of histone
phosphorylation. We will also attempt to purify and characterize the protein
kinase (s) from the pineal.

Pubiicacions : None
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1. Experimental Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NBQliI

Individual Project Report
July 1, 1970 through June 30, 1971

Project Title: Studies on Naturally Occurring Vasoactive
Substances

Previous Serial Number: NHLI-141

Principal Investigator: Ronald G. Geller, Ph.D.

Other Investigators: Wybren DeJong, M.D., Ph.D.
Renee Ray-Chung Chen, Ph.D.
Joseph Pierce, D.V.M.
Michael Heaven, Ph.D.
Takenori Tanimura, Ph.D.
John J. Pisano, Ph.D.

Cooperating Units: Laboratory of Animal Medicine and Surgery,
NHLI

Project Description:

Objectives ; To characterize the vasoactive substances 1) found
in dog plasma following bilateral renal artery ligation, 2) in

the venom of the bald-faced hornet, and 3) which are synthetic
analogs of ranatensin, an undecapeptide isolated from frog skin.

Methods: Various isolated smooth muscle preparations and blood
pressure recordings from experimental animals were employed.

Major Findings : A substance which raised blood pressure in the
pentolinium treated rat was found in the plasma of dogs after
bilateral renal artery ligation. It was isolated from the 40-70%
ammonium sulfate fraction. It has been suggested that this
pressor substance may be a protein, angiotensin I, angiotensin II,

or a peptide bound to a protein. The nature of the blood pressure
response in the rat and the lack of a response on isolated rat
uterus or rat colon suggests that the substance is like angiotensin
I, but is not angiotensin II. The pressor activity is abolished
by boiling the plasma indicating the possibility of an angiotensin
I-protein complex.
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The venom of the bald-faced hornet was found to contain a

potent hypotensive agent on rat blood pressure. Experiments
using the isolated rat uterus and guinea pig ileum indicated

that the venom contained in addition serotonin (1-5 ug/sac) and

and histamine (2.5 iig/sac) . It did not contain acetylcholine or

bradykinin. Histamine and serotonin were also measured using
fluorescence assays. The hypotensive response in the rat was

not completely blocked by antihistamine and anti-serotoninergic
agents. This suggests that another substance possibly a peptide,
is present, but has no action on the isolated preparations.

Ranatensin is an undecapeptide isolated from frog skin with
the amino-acid sequence PYR-VAL-PRO-GLN-TRP-ALA-VAL-GLY-HIS-PHE-
MET-NH2. It has a characteristic spectrum of pharmacological
activity which includes a potent depressor action on the blood
pressure of monkeys and a potent stimulant action on the isolated
rat uterus. The following analogs of ranatensin have been synthe-
sized and their biologic activities studied. (See table).

Analogs which lowered blood pressure were also active on
the uterus, but one, C-8, was much more active in lowering blood
pressure than in contracting the uterus.

Significance to Biom.edical Research and Institute Program : An
analog of ranatensin which lowers blood pressure, but does not
contract other smooth muscles could be a suitable one for testing
in hypertension. One which acts on the uterus, but does not lower
blood pressure would be of interest as an abortive agent. The
isolation and characterization of the pressor peptide (or protein)
associated with the initiation and maintenance of hypertension of

renal origin could help clarify the role of the renin-angiotensin
system in renal artery stenosis.

Proposed Course of Project ; Other bioassay systems will be used
to study the structure-activity relationships of ranatensin and
its synthetic analogs. The vasoactive substances from dog plasma
and hornet venom will be further characterized. Attempts to find
other naturally occurring vasoactive substances in frog skin and
insect venom will continue.

Honors and Awards: None

-9
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Publications:

Geller, R.G., Govier, W.C., Pisano, J.J., Tanimura, T.,
and Clineschmidt, B.V.: The action of ranatensin, a new
polypeptide from amphibian skin, on the blood pressure of
experimental animals. Brit. J. Pharmacol. 40: 605-616,
1970.

Clineschmidt, B.V., Geller, R.G., Govier, W.C., Pisano, J.J
and Tanimura, T.: Effects of ranatensin, a polypeptide
from frog skin on isolated smooth muscle. Brit. J. Pharm.
In press, 1971.
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PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: A Sensitive Assay for Esterase Activity Employing
Radioactive Substrates: Application to Plasma
Kallikrein

Previous Serial Number: NHLI-132

Principal Investigator: Vida H. Heaven, Ph.D.

Other Investigators: John J. Pisano, Ph.D.
Jack V. Pierce, Ph.D.
Ronald G. Geller, Ph.D.
Harry Margolius, M.D., Ph.D.

Cooperating Units: None

Project Description:

Objectives ; A sensitive ass
employed p-tosyl-L-arginine-
and measured the ^H-methanol
veloped in this laboratory (

This assay was successfully
urinary kallikrein esterase
1970-71) . The objective of
of the assay conditions for
esterase activity.

ay for esterase activity, which
^H-methylester (^H-TAMe) as substrate
released upon hydrolysis, was de-

see Project Report NHLI-132, 1969-70).
applied to the measurement of human
activity (see Project Report -Margolius,
the present work is the modification
the measurement of plasma kallikrein

Method: The method of assay for
in the previous report; however,
were adapted. The standard incub
soybean trypsin inhibitor or buff
purified human plasma kallikrein
was separated from the ^H-methano
from the incubation mixture into
The toluene solution was assayed
was considered to be that esteras
by soybean trypsin inhibitor.

i

esterase activity was described
the following modifications
ation contained ^n-TAMe, buffer,
er, and plasma or partially
(HPK) . The unchanged ^n-substrate
1 by extraction of the ^H-methanol
a toluene-Liquifluor solution,
for tritium. Kallikrein esterase
e activity which was inhibited
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Major Findings ; The optimum assay conditions for plasma kallikrein
esterase were as follows: The HPK production of ^H-methanol was

linear with HPK concentration to 0.0004 EU/0.05 ml incubation

(1 EU = amount of enzyme which hydrolyzed 1 umole ester/min) and

with time to 30 minutes. The HPK esterase activity had a pH
optimum of 7.5 and temperature optimum of 25 °C. The activation
of plasma kallikrein esterase was compared in human and dog plasma
using (1) acetone (20%, v/v, for 4 hr at 25°C) or (2) kaolin

(5 mg/ml, for one min at 25°C) . Human plasma kallikrein esterase
was activated 1.5 times more with acetone than with kaolin r dog
plasma kallikrein esterase was activated 3 times more with kaolin
than with acetone. Maximum activation of dog plasma kallikrein
esterase activity was inhibited 40% in 5 minutes and 75% in

30 minutes after the addition of kaolin to the plasma. The maxi-
mum activation of dog plasma kallikrein with kaolin was also seen
in one minute when measured in the rat uterus bioassay. Preliminary
experiments with kaolin activated dog plasma indicated that the
plasma kallikrein esterase activity, from both arterial and renal
venous samples, was not influenced by short-term infusions of
angiotensin (0.5 |j,g/kg/min, i.v.) or norepinephrine (10 ug/kg/min,
i.v.). The same results were observed in plasma kallikrein
measured in the bioassay.

Significance to Biomedical Research and Institute Program ; The
development of a reliable, rapid and sensitive esterase assay
which can be applied to the measurement of plasma kallikrein
esterase activity is crucial to establishing the significance of
this enzyme in physiological and pathological conditions.

Proposed Course : Further evaluation of the assay is planned to
establish that the esterase activity that is measured in the
presence of plasma is all attributable to plasma kallikrein
esterase. For example, specific activators and inhibitors of
plasma kallikrein esterase will be tested to establish that the
esterase activity inhibited by soybean trypsin inhibitor is kalli-
krein esterase and no other. Should a lack of specificity be
discovered, other radioactive ester or peptide substrates will be
evaluated. The selection of substrate will be based upon the
ability of antibody to plasma kallikrein to inhibit the hydro-
lysis of the substrate; the hydrolysis of TAMe by urine kallikrein
esterase is not inhibited by a ntibody to urine kallikrein. After
the plasma assay is established it will be used to study a variety
of clinical conditions including hypertension (See Project Report
Margolius) asthma, edema, shock, fever, inflammation, pain, and
arthritides of various etiologies.
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Publications;

Beaven, V.H., Pierce, J.V., and Pisano, J.J.: A sensitive
isotopic procedure for the assay of esterase activity:
Measurement of human urinary kallikrein. Clin. Chim. Acta,

32: 67-73, 1971.
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3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 thiDugh June 30, 1971

Project Title: Studies on the Enzymes Involved in the Activation
of Human Plasma Kallikrein

Previous Serial Number: NHLI-133

Principle Investigator: Marion E. Webster, Ph.D.

Other Investigators: Vida H. Heaven, Ph.D.
Yuiniko Nagai, Ph.D.
Jack V. Pierce, Ph.D.
John J. Pisano, Ph.D.

Cooperating Units: None

Project Description:

Objectives : The kallikrein which is present in human plasma is

normally found as an inactive precursor called prekallikrein.
The mechanism by which this enzyme is activated in human blood
is not fully understood. Nothing is known of the chemical bonds
cleaved during the conversion of prekallikrein to kallikrein
although it is assumed to be mediated by an enzyme. This inac-
tive enzyme precursor is believed to be activated by other en-
zymes, and it is currently proposed (Webster, Fed. Proc. 21-* ^4,
1968) that a series of pre-enzyme to enzyme conversions results
in the activation of plasma kallikrein which acts on the final
substrate, kininogen, to release bradykinin. Two of the enzymes
believed to be involved in the activation of prekallikrein are
Hageman factor and pF/dil. This study is an investigation of the
enzymes involved in the activation of prekallikrein. Attempts
are being made to prepare both the active form and inactive pre-
cursor of the different enzymes and to arrange them in an orderly
sequence

.

Methods : Plasma kallikrein activity was determined by measuring
the generation of kinins using the direct bioassay on the isolated
guinea pig ileum with heated (60° for 1/2 hour) plasma as substrate,
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When intact plasma is used as substrate in this bioassay, the

activity due to both plasma kallikrein and the activator of pre-

kallikrein are determined. TAMe esterase activity was determined
using ^H-TAMe as previously described (Beaven, NHLI Project Report

No. 132, 1970). Hageman factor and PTA activity are performed in

the usual manner using human and bovine plasma deficient in these

factors. Both inactive and active factors are estimated in the

presence of kaolin whereas in the absence of kaolin only the active
factor is determined.

3.

Major Findings ; Previous results had shown that chromatography
of acetone activated human plasma on DEAE-cellulose resulted in

the separation of a niomber of peaks (II, III, IV, and V) which
would generate kinin activity from both heated and non-heated
plasma suggesting that they were activators of prekallikrein.
Attempts to arrange these enzymes in an orderly sequence by kinetic
studies or by differentiating them, by inhibitors was unsuccessful,
although they could readily be differentiated from plasma kalli-
krein, (peak I) . Active Hageman factor and/or active PTA were
also present in the fractions from this column. The relative ac-

tivity of the clotting factors was similar in the varioE fractions,

but varied from that shown by the activators of prekallikrein.
Peak V, which in some columns represented the major portion of

the activator activity, was further purified by chromatography on

hydroxyappatite. A single sharp peak of activity was obtained
and the enzyme had been purified 2-6, 000- fold when compared to

the starting plasma with an over-all yield of 36%. These fractions
still retained TAMe esterase activity, although only a small
portion of that found in Peak V. Repeated freezing and thawing
of these fractions resulted in loss of activity, possibly due to

the low concentration of protein in the fractions. Peaks II and

III were rechromatographed on DEAE-cellulose to investigate their
possible conversion to peak V as found by other investigators
(Kaplan and Austen, J. Immunology 105 , 802, 1970) . However, in
our hands, only a small portion of the activity (30%) rechromato-
graphed in a position which might be considered equivalent to
peak V. The remaining activity remained associated with the major
protein peak and could now be clearly differentiated from the
major TAMe esterase peak found in these fractions.

Since the recovery of plasma kallikrein and of the clotting
factors from the DEAE-cellulose columns was poor (30% or less)

,

alternate methods for the purification of these active enzymes
were investigated. Plasma kallikrein can be recovered 600-fold
purified with a 50% yield by adsorption and elution from a soy r

-a^r
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bean trypsin inhibitor-sepharose (STI-sepharose) column
NHLI Project Report-Pierce ) . The activators of prekallikrein,

on the other hand, are found in the filtrates from these colun\ns

and can be purified 300-fold by adsorption and elution on a lima

bean trypsin inhibitor-sepharose (LTI-sepharose) column. The
observation that all of the activator activity can be removed by

a single inhibitor column, together with the earlier inability to

differentiate peaks II, III, IV and V by kinetic measurements or

by inhibitors, suggests that multiple-forms of the same enzyme
may be formed during acetone activation of human plasma. This
view was strengthened when it was found that treatment of the
STI-sepharose filtrates with urea, guanidine or potassium, thio-
cyanate resulted in a two-fold increase in biological activity.

The above procedures, however, cause a loss in the clotting
factors. For example, in one such preparation only 38 and 62%
of the active Hageman and PTA activities were recovered in the
STI-sepharose filtrates and only 2,6 and 10% respectively in the
final LTI-sepharose filtrates. The method of Speer et_ a_l. (Thromb.
Diath. Haera. 1_4, i-11, 1965) for the preparation of active Hageman
factor was first investigated. By this procedure the Hageman
factor is adsorbed and eluted from deactivated supercel and further
purified by isoelectric precipitation, ammonium sulfate precipi-
tation and chromatography on CM-Sephadex. Following this pro-
cedure active Hageman factor was obtained from the supercel eluates

,

However, adjustment of the pH to 5.2 for the isoelectric preci-
pitation caused losses in activity and no active precipitate
formed. Ammonium sulfate precipitation of the supercel eluates
resulted in the recovery of most of the active Hageman factor
activity while achieving a 300-fold purification. Attempts to
further purify by CM-Sephadex chromatography as described by
these authors were unsuccessful and all activity was lost. Also,
it was found that the major portion of active Hageman factor
(PTA activity was not measured) could be removed from acetone
activated human plasma by adsorption on deactivated supercel,
leaving most of the prekallikrein activator and plasma kallikrein
in the filtrate. Since acetone activated plasma appears to contain
all of the Hageman factor activity of the starting plasma, this
separation of active Hageman factor and prekallikrein activator
makes it unlikely that the activator is derived from active Hage-
man factor as proposed by others (Kaplan and Austen, J. Immunol.
105 , 803, 1970; Wuepper et aj^. , J. Immunol. 105, 1307, 1970).

In addition to isolating the active components of this enzyme
system as described above, preliminary attempts have been made to
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isolate the inactive components. Plasma deficient in Hageman
factor contains prekallikr ein (Webster and Ratnoff , Nature 192 ,

180, 1961) , but does not form active enzyme on contact with nega-
tively charged surfaces or on treatment with acetone. Chromatogra-
phy of this plasma on DEAE-cellulose gave a partially purified
prekallikrein preparation, the activity being associated only
with those proteins which did not bind to DSAE-cellulose. The
activity of these fractions was determined by measuring the in-

crease in esterase activity generated by the prekallikrein acti-

vator. .Preliminary experiments indicated that the pH of the
activation step could be varied from 7.0 to 8.5 with no change

in activity. The amount of esterase activity generated at room

temperature by this pre-incubation increased from three to ten

minutes and remained constant or decreased slightly if the incu-

bation was prolonged for peria3 s of time up to 30 minutes. With
the concentration of enzyme chosen in these studies a linear

relationship between concentration of substrate and generation of

esterase activity was obtained using a five-minute incubation
period of pH 8.5. The fractions from this column also generated
esterase activity when trypsin, rather than the activator of pre-

kallikrein, was used as the enzyme. Trypsin, however, was not as

specific as the activator of prekallikrein since it also generated

large amounts of esterase activity from another unidentified
pre-enzyme which adsorbed to the DEAE-cellulose.

Attempts were also made to find an inactive precursor of the

activator of prekallikrein. In these experiments, the fractions

from the DEAE-cellulose coliomns of Hageman deficient plasma and

of acetone activated Hageman deficient plasma were incubated with

partially purified active Hageman factor and with a source of pre-

kallikrein. No increased generation of esterase activity was

found. However, duplicate determinations were poor as were attempts

to repeat the results on subsequent days. It was found that part

of the difficulty was due to the extreme lability of the prekalli-

krein fractions which can only be frozen and thawed once and the

remaining difficulties due to the large amount of protein adsorbed

to the IRC-50 resin. These observations led to the development

of the extraction method for the determination of human plasma

kallikrein (Beaven, NHLI project Report No. )

.

The preparation of inactive Hageman factor was also attempted.

Initially, plasma containing 40 ug/ml hexadimethrine bromide was

adsorbed with deactivated supercel and eluted in a manner similar

to that described for the preparation of active Hageman factor.

The eluates from these adsorptions contained much higher Hageman

0.
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factor activity (4-5 fold) than those eluates prepared from plasma

in the absence of hexadimethrine bromide. They also contained

a 4-fold increase in content of activator of prekallikrein,

while the kallikrein content of the two eluates varied by less

than two- fold. Since the supernatant from these adsorptions

were essentially devoid of Hageman factor activity, this suggested

that the presence of hexadimethrine bromide was either directly

preventing the inactivation of Hageman factor and/or prekallikrein
activator or was delaying the activation of the Hageman factor on

the supercel and thus preventing its inactivation by the plasma
proteins in the filtrate. Hexadimethrine bromide at this concen-
tration did not prevent the activation of Hageman factor since

only 50% or less of the Hageman factor was estimated to be in its

inactive form. Also when these eluates were fractionated with
anmonium sulfate in the presence of hexadimethrine bromide they
appeared to become fully activated, giving a two- fold increase
in both active Hageman factor and prekallikrein activator. The
parallelism is these fractions between the active Hageman factor
activity and the content of prekallikrein activator was striking
suggesting that both were derived from the same molecule (inac-
tive Hageman factor) . In order to further substantiate this
hypothesis, efforts are currently being made to prepare inactive
Hageman factor essentially devoid of active Hageman factor. Pre-
liminary results have provided such a preparation but require
confirmation.

In summary, progress is being made in isolating and charac-
terizing both the active and inactive forms of the various enzymes
involved in the activation of plasma prekallikrein. No conclusive
evidence is yet available that more than one activator is involved.
In fact the current evidence would suggest that multiple forms of
the same activator are generated during acetone activation of
plasma. Also, the present evidence does not favor the view that
the prekallikrein activator is formed from active Hageman factor
as proposed by others, but rather suggests that inactive Hageman
factor forms at least two active products, the activator of pre-
kallikrein (pF/dil?) and active Hageman factor.

Significance to Biomedical Research and Institute Program : The
generation of kinins by plasma kallikrein has been implicated in
a number of pathological conditions such as hereditary angio-
neurotic edema, gouty and rhetimatic arthritis, asthma, pulmonary
edema, reactions to blood transfusions, infection by pathogenic
organism, pancreatitis, etc. A complete understanding of this
system together with isolation and characterization of the various

SaS
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enzymes, could lead to the development of inhibitors which would
be therapeutically useful.

Proposed Course of Project ; Continued investigation of the enzymes
involved in the activation of prekallikrein. Methods will be
developed for the further purification of both the active form and
inactive precursor of the different enzymes and an attempt will
be made to arrange them in an orderly sequence.

«

Honors and Awards: None

Publications:

Webster, MoEo, Pierce, J.V., and Sarapaio, M.U.: Studies
on antibody to bradykinin. Adv. Exp. Med. Biol» 8: 57-64,
1970o

Webster, M.E.: Recommendation for nomenclature and units.
In Erdos. E.G. (Ed), "Bradykinin, kallidin and kallikrein"

.

Handbook of Experimental Pharmacology , 25: 659-665, 1970.

Webster, M.E.: Kallikreins in glandular tissues. In Erdos,
E.G. (Ed), "Bradykinin, kallidin and kallikrein". Handbook
of Experimental Pharmacology , 25: 131-155, 1970.

Webster, M.E., and Prado, E.S.: Glandular kallikreins
from horse and human urine and from hog pancreas. In
Lorand, L. and Perlman, E.G. (Eds), Methods in Enzymology
19: 681-699, 1970.

Goodfriend, T.L., Webster, M.E., and McGuire, J.S.: Complex
effects of antibodies to polypeptide hormones. J. Clin.
Endocrinol. Metab. 30: 565-572, 1970.

Skinner, S.No, Jr., and Webster, M.E.: Acetylcholine and
functional vasodilatation in the submaxillary gland of the
cat, J. Europ. Pharmacolo 12: 271-275, 1970.
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Serial No. NHI.I-104

1. Experimental Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

FHS-NtlLI

Individual Project Report
July 1, 1970 through June 30, 1971

Project Title: Analysis of Amino Acid Phenylthiohydantoin by
Gas Chromatography

Previous Serial Number: NHI-105

Principal Investigator: John J. Pisano, Ph.D.

Cooperating Units: None

Project Description:

Objectives : The analysis of ammo acid phenylthiohydantoin deri-
vatives (PTH) is a major problem in the determination of the
amino acid sequences of polypeptides and proteins. Current methods
of analysis involve thin layer and paper chromatographic tech-
niques which are inadequate. The present work was undertaken to
improve the analysis of amino acid PTHs and in particular to
explore the potential of gas chromatography, a technique noted
for its high speed of analysis, resolving power, sensitivity, and
ease of quantitation.

Major Findings : Advances in the gas chromatography procedure for
the identification of amino acid thriohydantoins include: 1) a

nev; blend of silicone stationary phases (7.33% SP-400, 5.33%
OV-210, and 0.66% OV-225) which provides superior resolving power
than higherto obtained with single phases or earlier blends;
2) the use of helium as carrier gas which is superior to the more
commonly used nitrogen andargon, in that it gives the best reso-
lution and the greatest range of flow rates with no sacrifice in
efficiency; and 3) high temperature conditioning which gives more
efficient columns with significantly less bleed (baseline rise)
during temperature programming. The methylthiohydantoins were
also examined. All derivatives, except the seryl (unstable) and
arginyl (non-volatile) were separable on a column using the sta-
tionary phase, OV-225.

Sac
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Automated sample injection has been evaluated and its feasi-

bility demonstrated with standard PTH derivatives obtained for
the automated degradation currently under study. The latter
samples contain impurities which may hasten the destruction of
the derivatives in the sample holder.

A new solvent, dioxane, containing the antioxidant diethyl-
dithiocarbamate is superior to all other solvents tested for
preparing standard solutions of the amino acid PTHs . Unlike any
previous solvent tested (or mixture of solvents) it dissolves all
the derivatives. An added advantage (due to the antioxidant) is
the greater stability of the derivatives in this solvent,

A comparison has been made between the gas chromatographic
and a new mass spectrometric method developed by Dr. Henry Fales,
Laboratory of Chemistry, NHLI. The latter technique employs
chemical ionization mass spectrometry. Sperm whale myoglobin
was degraded by Dr. Bryan Brewer, Molecular Diseases Branch,
NHLI, using the protein sequenator. It was shown that the gas
chromatographic method is much simpler to employ, but the MS
method has the potential of greater sensitivity and speed of
analysis.

Significance to Biomedical Research and Institute Program ; The
technique greatly facilitates the analysis of amino acid PTH
derivatives obtained in the sequential degradation of polypeptides
and proteins. Included in these classes of substances are hormones,
antibodies, enzymes, structural proteins, peptides, and other
substances of biomedical importance. The structural determination
of these important substances has been greatly hampered by ana-
lytical difficulties. With automation of the Edman degradation
by Edman and the now commercially available protein sequenators,
the gas chromatographic procedure for the analysis of the amino
acid PTH derivatives (Edman derivatives) is even more attractive
because of the speed, sensitivity, resolving power and ease of

1
j

quantitation of the technique. I

Proposed Course of Project ; Extension of the automation of the ,

]

gas chromatographic procedure developed with standards to PTH >

derivatives obtained from the protein sequenator. Development of i

a protocal which would allow identification of a PTH amino acid

in less than 50 minutes. Development of a gas chromatographic ^
procedure for the analysis of pyroglutamic acid, N-acetyl and t
N- formal amino acids. Assists other laboratories at NIH in V
setting up the procedure. Collaborate with other laboratories in £^'

polypeptide sequence analysis. ^

f
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Honors and Awards: None

Publications:

Pisano, J.J., Bronzert, T.J., and Brewer, H.B., Jr.:
Advances in the gas chromatographic analysis of amino acid
phenyl- and methylthiohydantoins. Anal. Biochemo
In press.

Fales, H.M., Nagai, Y., Milne, G.W.A., Brewer, H.B., Jr.,
Bronzert, T.J., and Pisano, J, J.: The use of chemical
ionization mass spectrometry in the analysis of the amino
acid phenylthichydantoin derivatives formed during the
Edman degradation of proteins. Anal. Biochem. In press.
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Serial No. NHLI-105
1. Experimental Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title; Application of Countercurrent Chromatography to
the Isolation and Characterization of Substances
of Biochemical Interests

Previous Serial Number; NHLI-136

Principle Investigator: Hisanobu Yoshida, Ph.D.

Other Investigators: John J. Pisano, Ph.D.
Yoichiro Ito, M.D.
Robert L. Bowman, M.D.

Cooperating Units: Laboratory of Technical Development

Project Description:

Objectives : To perfect and apply the technique of countercurrent
chromatography to the solution of problems in the isolation and
characterization of compounds of biomedical interests.

Methods : Design and construction of suitable equipment. Develop-
ment of theory and practice of countercurrent chromatography.

Major Findings : Droplet countercurrent chromatography (DCCC) , a

new chromatographic technique developed in our laboratory, was
applied to the separation of milligram quantities of 2, 4 dini-
trophenyl derivatives of amino acid (NHLI-136) with an efficiency
comparable to gas chromatography. The promise of this method is
being fulfilled with its application to the analysis of new
classes of compounds and with the construction of an even simpler
unit consisting only of teflon tubing. This unit has been used
in the separation of the following model peptides: bradykinin,
kallidin, and angiotensin; ranatensin from crude methanolic
extracts of frog skin and insulin from its A and B chains. Sol-
vent systems used are similar to those employed in countercurrent
distribution and include sec-butanol-trifluoracetic acid- water,
n-butanol-acetic acid-water, sec-butanol-1% dichloreacetic acid

^^3
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and n-butanol-0.1% acetic acid-pyridine . Reproducibility of the
method is excellent. It has also been shown that the elution
volume may be calculated knowing the partition coefficient and

the volume of stationary phase. Recovery of the sample is quan-
titative with as little as 1 ug of material.

Another form of countercurrent chromatography, gyration
locular countercurrent chromatography (developed by Drs. Ito and

Bowman), is being refined and evaluated. Several kinds of locular
columns (all teflon, teflon-glass, glass-lined thru hole in the
teflon spacers, etc.) have been constructed and applied to the
separation of bradykinin, kallidin, and angiotensin and Val-t-RNA
or Phe-t-RNA from a mixture of amino acyl-t-RNAs . In general
the method has higher resolving power and speed of analysis than
droplet countercurrent chromatography. However, it is more diffi-
cult to execute and has a lower capacity.

Significance to Biomedical Research and Institute Problems :

Standard ion exchange, and liquid-liquid chromatographic procedures
are often not satisfactory for the separation of neutral, organic-
soluble compounds of biological interest. The classic counter-
current distribution technique is often used, but it is ciombersome.
Liquid-liquid chromatographic methods employing solid supports
often exhibit tailing due to adsorption of the solutes to the
support, and the capacity of this technique is low.

Countercurrent chromatography on the other hand is an all-
liquid separation technique ideally suited for any substance
which partitions between two immiscible solvents and is free of
adsorptive effects. The latter is most important in the separation
of peptides and many other biological substances which adsorb
(often irreversibly) to the solid supports used in conventional
chromatography

.

Proposed Course of Project : Having established the usefulness of
countercurrent chromatography in the separation of peptides and
ribonucleic acids, the technique will be extended to other classes
of substance such as lipids, pesticides, carbohydrates, etc.
Practical applications are anticipated in the isolation and iden-
tification of naturally occurring peptides and peptides obtained
in the degradation of proteins undergoing amino acid sequence
analysis.

Honors and Awards: None
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Publications:

Tanimura, T., Pisano, J.J., Ito, Y., and Bowman, R.L,

Droplet countercurrent chromatography. Science , 169:

54-56, 1970. Vt
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Serial No. NHLI-106
1. Experimental Therapeutics Branch I

2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the Structure of Villikinin

Previous Serial Number: NHLI-143

Principal Investigator: John J. Pisano, Ph.D.

Other Investigators: Esztar Kokas, Ph.D.

Cooperating Units: Physiology Department
University of North Carolina
Medical School

Project Description:

Objectives : To isolate and determine the structure of villikinin,

a substance obtained from intestinal mucosal extract which has

a specific stimulant action on intestinal villous motility.

Methods: Crude intestinal mucosal extract is desalted on Dowex-50
further purified by gel filtration on Sephadex G-25 or Bio-Gel
P-4 and finally chromatographed on Beckman UR-30 resin using a

pyridine acetate buffer or on SE Sephadex using an ammonium
acetate gradient. Material is assayed in vivo by measuring its
activity on pumping action of exposed intestinal villi of dogs.

Major Findings : Although the previously reported procedxire for
obtaining an active villikinin fraction from crude mucosal extract
resulted in over a 100-fold purification, the peaks obtained from
both gel filtration on Sephadex G-25 and cation exchange chroma-
tography in a pyridine acetate buffer have been unsatisfactorily
broad. Bio-gel P-4 is currently under evaluation as a substitute
for Sephadex G-25. A well-defined peak of activity with an
apparent molecular weight between 2000 and 4000 was obtained on a

Bio-gel P-4 column using bovine mucosal extract. Canine mucosal
extract on Sephadex G-25 gave a broad peak with an apparent
molecular weight of about 1000. At this time it is impossible to
judge whether the apparent disparity is due to a real difference
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between canine and bovine villikinin, or is a result of differing
experimental procedures . Canine extract must be tested on
Bio-gel P-4.

When either active product obtained by gel filtration is

chromatographed in a pyridine acetate buffer on cation exchange
resin, it is strongly retarded and elutes slowly in a very broad
peak. Cation exchange chromatography using SE-Sephadex is now
being studied as a purification step to follow gel filtration.
Bovine mucosal extract which had been processed through the
Dowex-50 desalting step and Bio-gel P-4 chromatography was tested
with several enzymes. Like canine material it was inactivated
by Pronase, papain and chymotrypsin and not inactivated by trypsin.
These results are significant because they indicate that we are
purifying a specific biologically active substance in as much as
the partially purified material behaves identically to the crude
extract treated with the above enzymes. What is more, finding
the same material in canine and bovine intestinal extracts suggests
its widespread occurrence and physiological importance.

Significance to Biomedical Research and Institute Program ; Villi-
kinin may be a specific hormone which controls intestinal villous
motility. The theory can only be proven when the substance is
isolated and its structure deteinnined.

Proposed Course of Project ; With the discovery of villikinin in
bovine intestinal extracts abundant supplies of material is
assured. Various purification schemes will be tested. When pure
material is obtained its amino acid sequence will be determined
and confirmed by synthesis. Pharmacological studies will be also
undertaken to determine the physiological importance of villikinin
in man.

Honors and Awards: None

Publications: None
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Serial No. NHLI-107
1. Experimental Therapeutics Branch
2. Physiological Chemistry
3„ Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Unusual Linkages in Peptides

Previous Serial Number: NHLI-140

Principal Investigator: John J. Pisano, Ph.D.

Other Investigators: John S, Finlayson, Ph.D.
Yumiko Nagai, Ph.D.

Cooperating Units: Division of Biological Standards
Laboratory of Blood and Blood Products

Project Description:

Objectives : The objectives in this study were to determine the

biochemical lesion in Factor XIII deficiency, to measure the
degree of crosslinking in normal human plasma and in plasma from
patients with Factor XIII deficiency, and to determine the extent
of the a and y chain involvement in crosslinking, for example,
the number of crosslinks contributed by each chain.

Methods : A technique has been developed for clotting fibrin
directly in human plasma and removing the ciDt by winding it on a

stirring rod as it forms so that the clots can be washed, solu-
bilized and carried through previously described procedures for

measuring €- (-^/-glutamyl) lysine crosslinks o Both an enzymic di-
gestion method for measuring crosslinks directly and a chemical
procedure for measuring crosslinked lysine by cyanoethylation and
subsequent acid hydrolysis are used. Qualitative determination of
the extent of crosslinking was determined by disc gel electro-
phoresis.

Major Findings : Fibrin clots which were formed with normal plasma
contained approximately 6 moles e- ('y-glutamyl) lysine/mole fibrin,

whereas those formed in plasma from individuals with Factor XIII
deficiency contained little or none of this crosslink (0„02-0,64
moles/mole fibrin) . Partial supplementation of the deficient plasma
with Factor XIII commensurately increased the number of crosslinks.

1 ^e



NHLI-107

To determine the extent that each of the chains of fibrin
participated in normal crosslinking, polymerized fibrin was re-
duced in the presence of denaturing agents. 7-Chains were re-
covered as dimers which contain a maximxam of two crosslinks/dimer

.

a-Chains were recovered as polymers. Examination of high molecular
weight and intermediate molecular weight a-polymers revealed 4.8

and 3.2 crosslinks/2 a chains, respectively.

*^.

Significance ; The fact that little or no crosslink formation

occurred, in the plasma of Factor Xlll-def icien t patients furnishes
an explanation and biochemical basis for the laboratory findings
usually associated with this deficiency (viz., friable clots,

solubility of clots in 5 M urea, 1% monochloroacetic acid)

.

Although it is not certain that the inability to form e- (^-glutamyl)

lysine is the sole molecular defect in Factor XIII deficiency, the

importance of the crosslink in hemostasis appears established.

The finding of 6 crosslinks per mole for normal fibrin has

shed new light on the nature of fibrin crosslinking. The a-chains

are more highly crosslinked than 7-chains and contribute an

average of 4 crosslinks per mole.

Proposed Course of Project ; This project will be continued to

determine the exact extent of involvement of the a-chains in

fibrin crosslinking, to determine the amount of normal plasma or

purified factor needed to supplement Factor Xlll-deficient plasma

to form the normal 6 crosslinks/mole, to examine fibrin cross-

linking in clots formed in vivo , and to examine other proteins

for the e- (7-glutamyl) lysine crosslink.

Honors and Awards; None

Publications;

Pisano, J.J., Finlayson, J.S., Peyton, M.P., and Nagai, Y.;

e- ('Y-Glutamyl) lysine in fibrin: lack of crosslink formation

in factor XIII deficiency. Proc. Nat. Acad. Sci. 68;

4, (1971) in press.
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Serial No. mht .7-108

1. Experimental Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1S70 through June 30, 1971

Project Title: Preparation of Affinity Adsorbents

Previous Serial Number: NHLI-137

Principal Investigator: Jack V. Pierce, Ph.D.

Other Investigators: Larry J. Loeffler, Ph.D.

Cooperating Units: None

Project Description:

Objectives ; To prepare chemically reactive derivatives of

agarose, glass beads, or other materials useful in affinity
chromatography, which can be coupled under mild conditions with
a wide variety of proteins, peptides, and inhibitors of interest
to provide useful affinity adsorbents for the purification of
materials of biological interest. Initially, to prepare an in-
soluble trypsin adsorbent of sufficient binding capacity for
practical use in the isolation and purification of trypsin inhi-
bitors from potatoes, peanuts, and other sources. To bind these
inhibitors themselves to insoluble supports for possible use in
purifying enzymes of the plasma kallikrein system.

Method : Covalent binding of trypsin to Sepharose or porous
glass beads, using strategies which will result in the trypsin
molecule being at a sufficient distance from the support backbone
to allow full activity in binding inhibitors.

Major Findings : Trypsin insolubilized by direct coupling to
cyanogen bromide-activated Sepharose 4B was found to have less
than 50% of the theoretical activity in binding such inhibitors
as soybean trypsin inhibitor and lima bean trypsin inhibitor,
probably due to the proximity of the trypsin molecule to the
support backbone

.
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A high capacity trypsin column has now been prepared, employing

Sepharose 4B as the support, but interposing a chain of about 16
atoms between the trypsin and the support. The methyl ester of
11-aminoundecanoic acid was prepared by esterification using
thionyl chloride in methanol. The product was coupled to cyanogen
bromide-activated Sepharose 4B, affording an insoluble ester
derivative containing 0.30 m equivalents of ester groups per 100 g
of Sepharose (original wet weight) . Treatment of this material
with hydrazine hydrate in methanol gave a.hydrazide derivative.
Treatment of the hydrazide in dilute HCl with NaN02 gave the azide,
which was reacted with trypsin in buffer at pH 8-9. Under the
most favorable conditions, an insoluble trypsin was obtained which
contained about 7.1 mg of trypsin bound per g of Sepharose and
which bound 3.2 mg of soybean trypsin inhibitor per g of Sepharose
(about 70% of theory)

.

,,1
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A similar series of reactions was carried out using glycine
methyl ester and afforded an insoluble trypsin with a considerably
lower capacity for soybean trypsin inhibitor.

A trypsin-porous glass derivative, prepared by a literature
procedure, was found to be totally inactive in binding soybean
trypsin inhibitor, although a large amount of trypsin had been
bound

.

Significance and Proposed Course of Project : The Sepharose-
trypsin column discussed above promises to be of considerable
utility for the large scale isolation of various trypsin inhibitors,
some of which may also inhibit enzymes of the kallikrein system.
Such inhibitors would be coupled to an insoluble support, perhaps
using the Sepharose-azide intermediate mentioned above, to yield
adsorbents for isolating the inhibitable enzymes. The Sepharose-
azide intermediate may also prove useful for preparing a lysyl-
bradykinin derivative for use in the purification of antibrady-
kinin, which then in turn may be coupled to serve as the basis
for a kinin radioimmuno-assay and to be used in the direct iso-
lation of plasma kininogens terminating in the kinin moiety.
Further developmental work on the chemistry of potentially
useful coupling reactions on Sepharose, porous glass, and other
suitable materials is planned.

Honors and Awards: None

Piiblications: None
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Serial No. NHTJ-109
1. Experimental Therapeutics Branch
2. Physiological Chemistry
3. Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Biochemistry of the Kallikrein-kininogen-kinin
System

Previous Serial Number: NHLI~134

Principal Investigator: Jack V. Pierce, Ph.D.

Other Investigators: Kjell Nustad, M.D, (Visiting Scientist)
Marion E. Webster, Ph.D.
Vida H. Beaven, Ph.D.
Ronald Geller, Ph.D.
Renne Chen, Ph.D.

Cooperating Units: Ungulate Unit, Animal Center Section,
Laboratory Aids Branch, Division of Research
Services (L . Stuart)

Project Description:

Obj ectives : Purification of human urinary and plasma kallikreins,
Pf/dil, and Hageman Factor for purposes of characterization and
of production of specific antiserums. Preparation from specific
antibodies of affinity adsorbents for isolating the enzymes and
possibly the proenzymes directly and specifically from human plasma
and other fluids, and for devising specific biochemical and radio-
immunochemical assays. Application of these assays to studies
of human circulatory disease states, aich as hypertention.

Purification of high molecular weight (HMW) and low molecular
weight (LMW) kininogens from human and other mammalian plasma by
means of affinity chromatography. Characterization of the isolated
proteins. Isolation of piece B from kininogen II for physico-
chemical and biological studies. Preparation of an affinity
adsorbent from piece B to isolate specific antibodies either from
antiserums to kininogen II or from antiserums prepared to B.

Methods: Affinity chromatography on inhibitor-Sepharose columns
of activated human plasma to obtain human plasma kallikrein and

1 Ji^iA
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Pf/dil; and on kininogen antibody-Sepharose coliomns of heated
human plasma to obtain human plasma kininogens. Devising elution
schemes for recovering the adsorbed proteins in biologically
active form.

\^.

P-

Major Findings ; 1) Urinary Kallikreins . Human . Highly purified
kallikrein from Type B urine was obtained by pressure dialysis,
hydroxyapatite chromatography, and isoelectric focusing. The
last step gave five TAMe esterase and biologically active peaks
which were indistinguishable by disc gel electrophoresis: each
gave three bands with the same mobilities. The bands from un-
stained disc gels of the main electrofocusing peak (HUK-B3) were
cut out, macerated, suspended in Freund ' s complete adjuvant, and
injected intramuscularly into a sheep. Precipitating antibody
was obtained after two booster injections. The antiserum inhi-
bited the kinin-raleasing ability of HUK, whereas normal sheep
serum was not inhibitory. Since normal sheep serum inhibits the
biological activity of HPK (hiiman plasma kallikrein) , antibody
to HUK must be purified before it can be tested on HPK. A speci-
fic precipitate of HUK and antibody to HUK has been prepared as

the first step in the isolation of pure, specific antibody.

Rat . Fractionation of a large lot of rat urine by methods
described in our previous report gave two main TAMe esterase
peaks, A and B; only B had kallikrein activity. Electrofocusing
of peak B after hydroxyapatite chromatography gave four peaks of
TAMe esterase and biological activity. Peaks B-j^ and B3 showed
single disc gel bands, whereas B2 and B^ showed two bands: the
lighter bands of B2 and B4 had the same mobilities as the B^ and
B3 bands, respectively. All the bands were localized in a narrow
mobility range. Molecular weight determinations of these RUK
isoenzymes were obtained by SDS polyacrylamide disc gel electro-
phoresis, using ovalbumin and chymotrypsinogen A as markers.
Bio~Gel P-200 gel filtration of B3 showed coincident TAMe esterase
activity and A28O peaks and no indication of impurities.

Antibody was elicited in a sheep by the disc gel method on
RUK-B3. A specific precipitate was prepared by mixing antiserum
with pressure-dialyzed rat urine at equivalence. Separation of

antibody and antigen was achieved by Sephadex G-lOO gel filtration

on 8 M urea. The enzyme was recovered free of antibody in 30%
yield with a specific activity of 20 (p.mole TAMe/min/A280 ^^^^) •

The A28O peak appearing shortly after the column void volume
contained only antibody. Another 14% of the starting enzyme

activity with a specific activity of 10 was found in the region
1-5 "-c:
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between the two A28O peaks. Disc gel electrophoresis showed two

sharp bands in the 7-globulin region for the antibody peak, three

bands for the enzyme peak with the same mobilities found for a

mixture of B, through B4, and the same three bands plus a broad

band with a mobility intermediate between the enzyme and the

7-globulin bands. The intermediate band had TAMe esterase acti-

vity, so was probably an antigen-antibody complex. The purified

antibody was covalently bound to Sepharose by means of cyanogen

bromide: the derivative was highly active in binding not only
rat urinary kallikreins, but also the kallikreins in extracts of

rat submandibular gland and pancreas.

Rat Urinary
Kal likrein

Specific
Activity

Recovery of
Kallikrein
Activity %

Molecular Weight
SDS Gel Gel Filtration

Bl
B2

Ba

14.5
20.4
22.8
18.8

2.2
9.5

20.2
9.4

36,200
34,000
33,400
32,600

38,500

From Imrriune Precipitate
Enzyme
Frac. 1 20.0 31

Enz^TTie

Frac. 2 10.4 14

2) Human Plasma Kallikrein . Small amounts of this enzyme
have been isolated by affinity chromatography of acetone-activated
hujnan plasma on STI (soybean trypsin inhibitor) -Sepharose columns.
After washing the column with suitable solvents, about 25% of the
starting H?K TAMe esterase and biological activities were recovered
in the 5 M guanidine hydrochloride eluate. The degree of purity
of such preparations has not yet been tested.

3) Human Pf/dil . This enzyme is thought to effect the acti-
vation of plasma kallikrein and is itself present in fresh human
plasma in an inactive form. It appears to be derived from Hageman
factor. The Pf/dil activity in acetone-activated plasma is not
bound to STI-Sepharose, being quantitatively recovered in the
filtrate, but can be weakly bound to an LTI (lima bean trypsin
inhibitor) -Sepharose column m the presence of 0.15 M NaCl. A
purification of between 200- and 400-fold in nearly quantitative

JLa*/
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yield has been achieved on a small scale. The Pf/dil activity of

the STI-Sepharose column filtrate can be doubled by treatment with

the chaotropic solvents 8 M urea, 5 M guanidine hydrochloride,

and 4 M sodium thiocyanate. After dialysis against saline, then

0.01 M Tris CI, pH 7.5, the Pf/dil activity behaves the same on

LTI-Sepharose columns as the untreated material.

4) Mammalian Plasma Kininoqens . Human . H\aman plasma

collected under silicone conditions can be heated at 60° for 0,5

hour without apparent effect on either the HMW or LMW kininogens,

whereas the enzymes of the kinin-generating system are destroyed.

Tte kininogens present in such heated plasma have been adsorbed

to antikininogen-Sepharose, either on coliomns or in batch operation.

Elution with urea, sodium thiocyanate, or guanidine hydrochloride
gave fractions containing both HMW and LMW kininogens in about

10% yield. Disc gel electrophoresis showed the presence of conta-

minants with the mobility of y-globulins; whether these are specific

antibody from the Sepharose col\amn or plasma proteins co-adsorbed
with the kininogens has not yet been determined.

Bovine . Sheep entiserum has been prepared from highly puri-
fied bovine LMW kininogen (supplied by E. Habermann) by the disc

gel method. The specific precipitate formed at equivalence by
mixing antiserum and bovine serum has been dissolved in 8 M urea

and is being chromatographed on hydroxyapatite to separate the
antibody from the antigen. As found earlier for the human kinin-
ogen-antibody precipitate, the antibody is not adsorbed and appears

in the column filtrate free of antigen; antigen could be subse-

quently eluted free of antibody. Ouchterlony double diffusion
plates can be used to follow the fractionation directly. An 8 M
urea solution of antigen-antibody precipitate gives a precipitin
ring, whereas an 8 M urea solution of only antigen (or antibody)

gives a sharp precipitin line with antibody (or antigen) ; if both
are present, but one is in excess of equivalence, a precipitin
line and a partial ring are found.

Significance to Biomedical Research and Institute Program : The
purification of the components of the plasma kallikrein system is

crucial to investigations of its physiological function (s). This
system is activated simultaneously with the blood coagulation
system: Factor XII (Hageman Factor) of the latter appears to be

an integral part of the former. There are a number of observa-
tions implicating the kallikrein system in inflammation, pain,

immune reactions, the carcinoid syndrome, arthritides of various
etiologies, and hereditary angioneurotic edema.

to
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Proposed Course of Project ; Specific antibodies to human urinary
kallikrein will be isolated from the immune precipitate, bound to
Sepharose for isolation of the enzyme directly from pressure-
dialyzed urine and possibly of other glandular kallikreins, and
tested for inhibition and binding of plasma kallikrein. Further
purification of human plasma kallikrein, Pf/dil, and Hageman
Factor will be performed for purposes of characterization and of
production of specific antibodies for making affinity adsorbents.

Honors and Awards: None

Publications:

Webster, M.E., Pierce, J.V., and Sampaio, M.U.: Studies
on antibody to bradykinin. Bradykinin and Related Kinins :

Cardiovascular, Biochemical, and Neural Actions . Plenum
Press, pp. 57-64 (1970).

Beaven, V.H-, Pierce, J.V., and Pisano, J.J.: A sensitive
isotopic procedure for the assay of esterase activity:
measurement of human urinary kallikrein. Clin. Chim.
Acta 32: 67-73, 1971.
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Project Description:

Objectives : To investigate systematically the interrelationships
between steroid hormones, protein hormones and electrolytes on

neural function with respect to sensory detection and recognition
and to investigate the mechanisms by which these interrelationships
occur

.

Major Findings: 1 . Effects of adrenocorticosteroids on NE and

Ch uptake of brain synaptosomes . It has long been known that the

excess of and lack of carbohydrate-active steroids (CAS) greatly
affect central nervous system activity. The mechanism by which

CAS influences CNS activity remains relatively obscure. It appears

however that one possible mechanism may involve an interaction

between the steroid molecules and the actual nerve endings. The

object of this investigation is to study the possibility of this

3L^7
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interaction

.

In light of the difficulty involved in examining a steroid-
nerve ending interaction in_ vivo, synaptosomes (pinched off nerve
endings consisting of intact nerve membranes enclosing synaptic
vesicles) were utilized since these particles provide a convenient
in vitro system for the study of the effects of drugs on neuro-
transmitter function. Therefore, the effect of CAS on the synap-
tosomal uptake and release of various neurotransmitters was in-
vestigated- Cortisol hemisuccinate was chosen as the adrenal
steroid although it does not possess high CAS activity. However,
it is water soluble and allows a completely aquaeous system to
be employed

.

Active uptake of NE and Ch by synaptosomes was demonstrated

.

Cortisol hemisuccinate inhibited NE and Ch uptake, and results
are summarized below:

Inhibition by Cortisol Hemisuccinate of NE Uptake

Concentration of Steroid % Inhibition of NE Uptake

0.8 X 10""^ M

2 .0 X 10-4 M 2.6

4.0 X IQ-'^ M 3.4

8.0 X 10"'* M 4.8

1.6 X 10-3 M 13 ,2

3 .2 X 10"-^ M 18.2

6.4 X 10-3
lyi ^2 .J

1.2 X 10"2 M 62.0

*a^
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Inhibition by Cortisol Hemisuccinate of Ch Uptake

Concentration of Steroid % Inhibition of Ch Uptake

4 X 10~4

X 10

1.6 X 10

3.2 X 10

-4

-3

-3

6.4 X 10"^

2.8

3.8

26

61

Inhibition by Cortisol hemisuccinate of NE and Ch uptake re-
quired high concentrations of steroid.

It has been postulated that part of mechanism concerned with
neurotransmitter uptake involves ATPase activity. It was de-
termined that our synaptosomal preparations contained appreciable
Na-K ATPase activity (See Table) .

Fraction

Nuclei + cell debris

17,000g Supernate

Synaptosome

Total Activity of Na-K ATPase

22.5 Units

2 .1 Units

7.0 Units

Therefore, the effect of Cortisol 21 hemisuccinate on synaptosomal
Na-K ATPase activity was investigated. The results are summarized
below:

Concentration of Steroid % Inhibition of Ha-K ATPase Activity

5 X 10-4 M 18

1 X 10in-3 M

2 X 10~3 M

4 X 10"-^ M

8 X 10-3 M

23

35

44

58

^f
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Thus, Cortisol hemisuccinate inhibited Na-K ATPase activity and

this inhibition took place at steroid levels which also inhibited
NE and Ch uptake.

2 . EEG changes in man in the absence of adrenocorticosteroid
secretion and during administration of ACTH . These studies comprise
two major efforts; one, the effect of these changes on visual
evoked response activity (AER) in man, the second, the effect of
these changes on sleep phenomena in man. In the first part of
this study patients with several forms of adrenal cortical insuf-
ficiency had measurements made of their visual evoked responses
to graded light intensities before and during withdrawal from the
effects of their replacement therapy. In addition, these measure-
ments were made during administration of ACTH. Results of these
studies indicate that during ACTH administration there is signi-
ficant enhancement of the AER which is dependent of the ACTH
effect on the adrenal gland and appears to be a direct effect of
ACTH on brain activity. In the second part of this study, the
sleep activity of patients with various forms of adrenal cortical
insufficiency was measured under the same conditions as noted in
part one. Results of these studies indicate that REM sleep de-
creases significantly during the time which replacement therapy
is withdrawn, is further decreased during ACTH administration
and return to normal during readministration of steroid hormone
therapy. These studies differ from those carried out in normal
volunteers which indicate that administration of carbohydrate-
active steroids is correlated with increases rather than decreases
in REM activity.

3o Distribution and metabolism of H steroids in nervous
tissues of the cat . In continuation of previous studies the
distribution of H-^ testosterone and progesterone in various tissues
of the eviscreted cat has been studied,, Following a controlled
rate infusion of H-^ testosterone concentrations of hormone in the
brain followed a pattern similar to that previously shown for H^
Cortisol but quite different from that of H-^ progesterone. The
metabolites of H testosterone in the tissues studied are being
measured by gas-liquid chromatography by Dr« Leon Sholiton,
University of Cincinnati.

4„ EEG changes in patients with serum calcium abnormalities
and with pseudohypoparathyroidism . The effects of serum calcium
concentration on the visual average evoked responses (AER) was
studied in 24 patients with various disorders of calcium metabolism

4 33^
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and in 5 normal volunt
4 days. Low serum cal

were associated with g
than were high serum c

Administration of para
calcium concentration,
latency or amplitude,
correlated with serum
patients' diagnostic c

eers given 450 U of parathyroid extract for
cium concentrations (below 8 mg/100 ml)
reater amplitude and shorter latency AERs
alcium concentrations (above 12 mg/100 ml)

.

thyroid extract in doses that raised serum
albeit minimally, had no effect on the AER
AER latency and amplitude changes were
calcium concentration rather than with the
ategory

.

t

Perceptual function in 8 patients with pseudohypoparathyrodism
(PHP) was studied using two neurophysiological measurement tech-
niqueSj, the average evoked response (AER) and motor nerve conduction
velocity. A battery of psychophysical tasks including reaction
time, size estimation, hidden pictures and the rod and frame
procedure were also used. Patients with PHP had significantly
longer latency visual AER and slower reaction times than did a

group of normal volunteers and the patients performed erratically
and poorly on the psychophysical tasks. Differentiating these

patients from patients with diffuse mental deficiency were two

relatively specific perceptual response patterns: (1) AER amplitude

decreased with increasing stimulus intensity and (2) Reaction time

showed abnormally strong effects of the duration of the preparatory
interval. These results could not be attributed to alterations in

serum calcium concentration. Each of these patients did exhibit

decreases in cyclic AMP in the urine. Since cyclic AMP appears to

play some role at synaptic junctions it may be useful to speculate

about the role which cyclic AMP may play in sensory function in

the future., Future studies are designed to investigate this

possible relationship*

5. The role of adrenocorticosteroids in neural function s

During this past year work in laboratory has focused on one sen-

sory modality, taste, and the effects of removal and replacement

of carbohydrate-active steroids on taste responses in man. Two

general kinds of measurements were made, threshold measurements

and intensity measurements. We tried to relate these two types

of measurements to each other and to show the effects of adrenal

corticosteroids on each. Based upon observations in man we derived

a taste equation which appears to fit the taste responses of

normal man and of patients with various forms of adrenal cortical

insufficiency and Gushing 's syndrome in their treated as well as

untreated state.

^3/
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This equation is:

I/I

K (T)^

max K (T) ^ + 1

where I is the intensity of tastant at concentration (T) , Ijnax'

the maximum intensity at highest (T) and K is a constant^ Based

upon our previous data and hypotheses there is a specific inter-

action between tastant and receptor molecule at the taste bud
membrane such that a tastant-receptor complex is formed (RT) . If

we assume that, one tastant reacts with one receptor molecule in a

simple equilibrium it is possible to derive the taste equation 1

shown above as follows:

K = Ki/Ki eqn 2
Kl

R + T ^ RT

and
iSi

(RT)

(R) + (RT)

K (T)

K (T) + 1
eqn 3

The forced scaling intensity data in the normal volunteers,
and to a lesser extent in the patients, was described by eqn 1

which is

j/j = K (T)^
-"/'max K (T)2 + 1

^1
The binding stoichiometry R + 2T =J RT2 K = K^/K-^ eqn 4

-JMU = -JUni _„ 5
(R) + (RT)^ K (t2)'^ + 1

^^"

would lead to eqn 1 if one assumes that the intensity is propor-
tional to the concentration of RT complexes. In this model the
single parameter K obtained by fitting eqn 1 to the experimental
data is the binding constant for the formation of the RT2 complex.
Equation 1 can be derived as follows: At equilibrium, eqn 4
becomes (RT2) = K (R) (T)"^. Now (R) + (RT2) = Rq where Rq is
the total number of receptor molecules present. Therefore,

(RT2) = k[Ro-(RT)2](T)

_KRa_
K (T)

6 3l3^
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and if we assume that the intensity is proportional to the number
of (RT2) complexes, i.e., I = C (RT2) , then

CRn K (T) ^
,

I = TT^—r~7 where
K (T)^ + 1

C is a proportionality constant. As (T) becomes very large, I

approaches its maximum value Ij^ax ~
'--^O' Therefore,

I/Imax K (T) 2 + 1

which is eqn 1. Eqn 4 is of course only one of many possible
models from which eqn 1 can be derived. However, from the simplest
model (eqn 2) eqn 1 cannot be derived.

This model would explain why the intensity function reaches
a maximum at high tastant concentrations; the tastant molecules
would complex with all the available receptor molecules and intro-
duction of more tastant could not form more complexes. As the
tastant concentration decreases the number of receptor molecules
complexed would also decrease and at a sufficiently low concen-
tration the signal produced would no longer be recognized, albeit
detected, and if tastant concentration is decreased further, it
would not be detected from background.

The signal produced by this complex formation presumably
occurs at the taste receptor and is anatomically, spatially and
temporally separated from the neural events (Fig. 6). Thus, the
classification of pre-neural and neural events has physical bases.,

CAS deficiency and excess states may affect the preneural
events of taste by affecting the binding constants by which
tastant-receptor molecule complexes occur or by affecting the
stoichiometry of binding. Excessive and inadequate amounts of
CAS decrease the binding constants for all taste qualities be-
cause the intensity curves are all shifted to higher concentrations

„

From the second point of view the possible deviation of the data
from eqn 1 toward a lower order (in (T) ) equation such as eqn 3

would imply that the stoichiometry of binding is altered. Apparently
there is a concentration of CAS at which the intensity is maximal
for a given tastant concentration and either an excess or a de-
ficiency of CAS lowers the intensity.

I
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The fit of equation 1 to the data suggests that two tastants

are required for the recognition process to occur normally. The

equation does not specify the spatial relationships among the

tastants and receptors. However, these relationships are sugges-

tive of the existence of cooperative binding in which K would

be the product of the square (Ki^) of the intrinsic binding

constants (Ki) of the tastants and a coupling term Kc; i.e.,

K = Ki^Kc. According to this interpretation excess or deficiency

CAS states would shift the intensity curves by reducing the

coupling constant which would, in the limit of Kc = 1, also shift

the binding stoichiometry to a lower order. High tastant con-

centrations can overcome this decoupling by sheer mass action.

Significance : 1 . Role of adrenocorticosteroids in neural con-
duction . We have shown that NE and Ch uptake by brain synapto-
somes are markedly inhibited by the presence of carbohydrate-
active steroids . This effect appears to be mediated by inhibition
of Na-K activated ATPase activity by carbohydrate-active steroids .

Since no effect of pharmacological doses of these steroids could
be observed on the Na or K currents of the nerve it is clear that
the effect of these corticosteroids on neural function is not on
the excitable portion of the nerve membrance, per se , but rather
on the metabolism of the nerve; i.e., in maintaining the mem-
brane potential and also on synaptic conduction . Whatever effect
these steroids may have on axonal conduction is probably through
their effects on myelin

.

2. Role of adrenocorticosteroids in neural function. We
have described an equation by which taste phenomena occur in
normal man and in patients with various abnormalities of adrenal
cortical function. This equation is:

I/Imax = ^ (^)'

K (T)2 + 1

where I is the intensity of tastant at concentration (T) , Ij^ax'
the maximum intensity at highest (T) and K is a constant . This
equation can be derived from simple relationships of the theory
which we have developed over the past 3 years . The model which
is described by this equation would explain why intensity functions
in taste reach a maximum at high tastant concentrations; taste
molecules would complex with all available receptor molecules and
introduction of more tastant could not form more complexes. De-

Jl3^
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ficiency and excesses of carbohydrate-active steroids in man
may affect the pre-neural events of taste by directly affecting
the binding constants by which tastant -receptor molecule complexes
occur or by affecting the stoichiometry of binding. Our data
demonstrate that excessive and inadequate amounts of these
steroids decrease the binding constants for all taste qualities
because the intensity curves are all shifted to higher concen-
trations . Apparently there is a concentration of steroid at
which intensity is maximal for a given tastant concentration and
either an excess or a deficiency of steroid lowers the intensity.

3. Role of calcium in EEG . Through the application of the
quantitative technique of visual averaged evoked responses to
clinical investigative problems it has been possible to study
the EEG changes in man during several physiological states in-
volving calcium metabolism. Our studies have shown that low
serum calcium concentrations (below 8 mg/100 ml) are associated
with greater amplitude and shorter latency AER than high serum
calcium concentrations (above 12 mg/100 ml)

.

Proposed Course of Project ; Specific work will be carried out
which will identify the role which carbohydrate-active steroids
play at the synapse through their effects on several neurotrans-
mitter agents. In man, the theories and hypotheses made during
this past year with respect to the effects of these steroids on
taste will be tested and evaluated

.

Honors and Awards; None

Publications;

Henkin, R.I.: The neuroendocrine control of perception. In

Hamburg, D. (Ed.): Perception and its Disorders . Baltimore,
Md., Williams & Watkins, 1970, pp. 54-107.

Zisman, E., Henkin, R.I., Ross, G .T . and Bartter, F.C. : A
biochemical similarity between chromatin negative gonadal
dysgenesis and pseydohypoparathyroidism. Acta Endocrin . Panam .

1: 49-71, 1970.

[

Henkin, R.I.: The effects of corticosteroids and ACTH on sen-

sory systems. Prog . in Brain Research 32: 270-294, 1970.
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Walker, M.D., Henkin, R.I., Harlan, B .A . and Casper, A.G.T.:
The distribution of tritiated Cortisol in blood, brain, CSF
and other tissues of the cat. Endocrinology 88: 224-232, 1971.

Buchsbaum, M. and Heiokin, R.I.: Serum calcium concentration
and the average evoked response. Electroencephalography
and Clin. Neurophysiology . 30: 10-16, 1971.

Buchsbaum, M., Silverman, J. and Henkin, R.I.: Contrast effects
on the auditory evoked response and its relation to psycho-
physical judgment. Perception and Psychophysics In press,
1971.

Henkin, R.I., Fontana, J .A . and Walker, M.D.: On the mechanism
of the presence and distribution of adrenal corticosteroids
in the central and peripheral nervous system. Proceedings
of the III International Congress on Hormonal Steroids.
Excerpta Medica . Elsevier, Amsterdam, Holland, In press, 1971.
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Objectives : This project was designed to study the physiology,
metabolism, biochemistry and pathology of copper, zinc and other
trace metals in physiological fluids and tissues of normal sub-

jects in patients with various diseases and in animals. We
have also studied the interaction between metals and their binding
proteins.

Major Findings ; Physiology

1. Copper depletion and corticosteroid production in the
adrenal gland of cats and rats . The a5-3 ketosteroid isomerase
activity in guinea pig adrenals is dependent on the presence of

copper ions. This enzyme activity along with 3 P-hydroxysteroid
dehydrogenase activity is responsible for the conversion of preg-
nenolone to progesterone in the early biosynthesis of nearly all
biologically active steroid hormones. In conjunction with our
laboratory's interest in the interrelationship of trace metals and

normal body function, the effect of copper deficiency in cats and

rats on adrenal steroid production was investigated.

I
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Adrenals obtained from normal and copper deficient cats and
rats were sliced and incubated with tritiated cholesterol. In

one experiment involving rat adrenals, pregnenolone^ progesterone,
corticosterone and Cortisol were isolated, using paper and thin
layer chromatography. In a second axperim.ent involving cat adrenals,
Cortisol, cortisone and corticosterone were isolated, again using
paper and thin layer chromatography o Fxnal identification of all
compounds was made by successive crystalizations to a constant
specific activity using authentic carrier.

The effect of copper deficiency on adrenal weight is
described in Table I

.

TABLE I

Experiment Wet Weight of Adrenals

|,
Copper Deficient Normal

Cats (3) 177.4 ± 9.5 (s.e.m.)* 102.8 ± 4.3 (s.e.m.)*

Rats (6) 93.0 ± 4.3 (s.e.m.)** 64.0 ± 7.7 (s.e.m.)**

* Each adrenal compared.
, ] i' ** Each pair of adrenals from a rat compared.
\C

"

These results indicate that copper deficiency results in a

marked adrenal hyperplasia.

The results of the incubation experiments indicate that
copper depleted animals produce markedly reduced levels of Cortisol,
cortisone and corticosterone when incubated with H^ cholesterol
and compared to adrenals of normal animals (Table II) , but both
groups produce similar levels of pregnenolone (Table III)

.
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Type Corticosterone* Cortisol* Cortisone*

Norma 1-1 30,926 6,318 6,690

Copper Depleted-1 10,083 3,813 3,778

Norma 1-2** 91,709 14,370 —
Copper Depleted-2** 32,166 5,362 —
Normal-3 12,010 3,267 —
Copper Depleted-3 7,568 2,452 —

Norma1-4** 19,098 13,149 —
Copper Depleted-4** 7,601 2,744 —
Normal-5 13,246 14,593 —
Copper Depleted-5 8,888 2,584 ~

Norma 1-6** 27,252 12,972 —
Copper Depleted-5 6,900 3,319 —

^^.

*dpm/gm tissue, net weight
**Cu(N03=) 1 X 10~5 M added to reaction vessel

TABLE III

In Vitro Steroid Production by Adrenals from Normal
and Copper Deficient Rats

L^

Cortisol * Corticosterone*Preqnenolone*Proqesterone '^

Copper
Deficient(5) 31,234±7,295 42,133±4,476 75, 112±26, 600 50,197

Normals{5) 48,609±6,277 76, 614±21, 138 84, 182±29, 437 185,014

*gpm/gm tissue, net weight

^3f
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These results indicate that the block in steroidogeneses

caused by copper depletion occurs at the conversion of preg-

nenolone to progesterone, at the A^-3 hydroxysteroid-dehydrogenase-

iscinerase step.

2

.

Metal-protein complexes in physiological fluids . This

project was designed to quantitate the various metal-ligand

complexes which occur in physiological fluids. Earlier work in-

volved fractionating serum into stable metalloproteins and rela-

tively easily dissociable metal complexes could not be determined <>

We were interested in the manner by which various trace metals
formed complexes with protein or peptide moeities and we have

studied these complexes in terms of their ability to pass a variety

of semi-permeable membranes.

Urine was examined initially. It was stored at 4°C, then
warmed to 37 °C, brought to pH 5.0 with HAc, centrifuged and fil-

tered., The filtrate was passed through membranes of nominal pore
sizes 46, 38, 30 and 24 A ° diameter. The apparatus and membranes
for carrying out these procedures came from the Amicon Corp.,
Boston, Mass. All metal measurements were made by atomic absorption
spectrophtometry or flame spectrophotometry. Only the smallest
membrane significantly retained calcium, magnesium and zinc
complexes. These results indicated that metaLs are bound to small
ligands in urine. In an effort to evaluate the character and size
of these ligands model studies of the interraction of metal com-
plexes with known ligands are in progress, as noted below.

In combination with gel filtration studies it is possible to
identify amino acid, carboxylate and inorganic acid anion ligands;
however, because of their lack of homogeneity it may not be possible
to quantitatively describe the metal distribution among these
ligands. These studies can be carried out easily in blood and we
are in the process of doing so. We are also evaluating the manner
by which metals pass these membranes in conjunction with the assays
of various protein, polypeptides and peptides in the ultrafiltrate
and retentate which should lead to kinetic information related to
metal distribution. This information has particular relevance to
the manner by which protein-metal complexes cross the glomerulus
of the kidney.

3. Metal-proteL n complexes in tissue . Kidney and liver
contain sulfhydryl rich polypeptides which are capable of binding
zinc, copper, mercury, cadmium and other metals. The character
of the polypeptide and the metals which it contains appear to
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differ in different tissues and in different animal species. Vallee
has stated that metallothionein is a cadmium containing polypeptide
and he has suggested that this protein plays a role in metal de-
toxification in the kidney. Horse and human kidney are rich in
cadmium and are excellent sources of metallothionein.

Our results indicate that dog kidney contains about 15 ppm Zn,

3 ppm Cu and less than 0.2 ppm cadmium per gm wet weight of tissue.
Valle's data from human kidney cortex indicates there is 350 ppm
Zn and 140 ppm Cd per gm dry weight of tissue. Purified human
kidney metallothionein contains 3.7-3.9 g-atoms Cd, 3.2-4.3 g-atoms
Zn, g-atoms Cu and 0.3 g-atoms Hg . In a preliminary experiment
dog kidney cortex was homogenized in dilute phosphate buffer and
the homogenate prepared in a manner similar to that used by Vallee
for preparation of metallothionein. Various fractions were filtered
through a Sephadex G-75 column. Two low molecular weight metallo-
proteins were observed. One, MW 34,000, with equal amounts of
copper and zinc, is probably the cytocuprein described previously
by Carrico and Deutsch. The second, MW 10,000 corresponds to
metallothionein in terms of size, but contains Cu without any Zn
or Cd. This metalloprotein will be isolated and characterized in
future studies, its sulfhydryl content determined and its avidity
for various metal ions identified.

In a similar manner protein complexes with zinc and copper
in tongue of rat are being identified and characterized.

4o Circadian variation of copper and zinc in man . Copper
and zinc metabolism was studied in ten normal volunteers on a

constant regimen consisting of an alternate 4 hourly intake of a

liquid diet or distilled water and a regulated amount of physical
activity. Urine was collected in 4 hour periods and blood samples
drawn in the middle of these periods, A circadian pattern of
variation for serum copper and zinc concentration was demonstrated;
serum copper was above the mean at 10:00 am and 2:00 pm, at the
mean at 6:00 pm and 10:00 pm, and below the mean at 2:00 am and
6:00 am. This pattern persisted in 2 subjects who received 2.5 mg
prednisolone every 6 hours for 3 days. A circadian pattern for
the urinary excretion of copper but not for zinc was demonstrated.
Serum ceruloplasmin tended to follow serum copper concentrations
and suggested that the regulation of metal binding proteins may
be important in the circadian pattern of these metals observed in
serum. To our knowledge this is the first demonstration of a

circadian pattern of variation in ceruloplasmin.
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Data were collected over a period of 5 days in each subject

studied. We are now in the process of analyzing these data over

this time period to determine whether or not a longer cycling
process occurs and whether phase relationships between changes in

blood and urine can be determined.

5. Pituitary-qonadal regulation of copper and zinc metabolism
in the female rat . This study was undertaken to specify the changes

in copper and zinc concentrations in serum of female rats during
various physiological states: (1) during the estrus cycle,

(2) during pregnancy, (3) during pseudopregnancy, (4) following
castration, (5) following castration and hypophysectomy and during
administration of the pituitary gonadotropins LH and FSH, and

(6) following castration and during administration of estrogen,

progesterone or estrogen and progesterone together. Results of

these studies indicate that there is cyclic pattern of change of

both copper and zinc during the estrus cycle with serum copper and
zinc concentrations both reaching a peak at the time of estrus
coincident with ovulatbn. During pregnancy serum copper concen-
trations increase until day 15, then decrease thereafter, again
following the pattern of estrogen secretion. Serum zinc does not
change during this early period, but falls dramatically during the
last days of pregnancy. Post-partum serum copper concentrations
fall precepitously to values below those of castrated animals,
but return to estrus levels within 5 days of parturition. Zinc

4!< " concentrations in sertrni increase immediately post-partum to estrus
levels and remain there throughout the post-partum period. Following
the production of pseudopregnancy by means of vaginal manipulation
of the rat at an appropriate time during estrus there is a signi-
ficant increase in serum concentration of copper and of zinc, with
the zinc increase lagging the copper increase by 6 days. This
condition demonstrates that changes in seriom copper and zinc con-
centrations in the rat are significantly influenced by endogenous
progesterone secretion as well as by estrogen secretion. Following
castration there is a significant decrease in serum copper con-
centration and an increase in serum zinc concentration. This
could be due to the lack of estrogen and progesterone or to the
effects of LH and FSH. To evaluate this concent overiectomized,
hypophysectomized rats were treated with LH and FSH. There was

no effect of either hormone alone on serum copper or zinc con-
centrations in these animals. Administration of estradiol 17 beta
to castrated female rats resulted in a dose-response increase in

serum copper without any change in serum zinc. Administration of

progesterone resulted in similar increases in serum copper and
decreases in serum zinc although the dose response relationships

6 4VA
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noted with estradiol administration did not occur. Administration
of both progesterone and estradiol 17 beta produced an enhancement
of both effects with a significant increase in serum copper con-
centration and a significant decrease in serum zinc concentration.

2.

These results demonstrate that copper and zinc metabolism in
the rat are in part controlled by estrogen and progesterone and
that the concentrations of these metals in the serum change in
association with changes in either or both of these hormones. The
role of these metals in these physiological processes are at
present being investigated as follows: (1) the role of copper is
suggested as one of the controlling factors initiating ovulation
in the rat, (2) estrogen and progesterone can produce changes in
copper and zinc metabolism in male rats.

6o- Copper and zinc metabolism in female sheep and cows .

In a study similar to that noted above in the rat, but much less
extensive changes in serum concentrations of copper and zinc in
sheep and cow were evaluated during pregnancy, post-partum and
following administration of estrogeno Distinctly different from
results in rat or man no changes in either copper or zinc metabo-
lism were observed in sheep or cow during pregnancy, post-partum
or following administration of estrogen. These studies will be
extended by administration of progesterone to these same animals.

7 . Effects of metals on norepinephrine (NE) and choline (Ch)

uptake of brain synaptosomes and on adenosinetriphosphatase
activity . Because of the interrelationships between steroid
synthesis and metal cofactors noted above and because of inter-
relationships between this system and neural conduction which we
have suggested we investigated the interrelationships between
metals and uptake of NE and Ch on brain synaptosomes and ATPase
activity. Using established techniques the following effects on
activity have been demonstrated using various physiological con-
centrations of metals:

r
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Uptake (%)* Activity {%)*

METAL

Zn

Ne

Co

Cu

Hg

'|ii Mn

',! * Results indicate % uptake and indicate activity remaining at
' highest concentration of metal ion used.

These results demonstrate that most metals inhibit both Ch

,„
and NE uptake and ATPase activity but to varying degrees. The

'''!„, manner by which this inhibition occurs is being investigated.
i.''"|l Two metals Cu and Hg are extremely toxic to Ch and NE uptake

lljiii. and ATPase activity whereas two other metals Mn and Sn appear to

enhance the uptake of NE while Sn appears to enhance ATPase acti-
vity. The results of Sn in this system are specific for Na-K
dependent ATPase activity having no effect on Mg-activated ATPase
activity. These results are being confirmed in further experiments,

8. Effects of hormones of the adrenal cortex on metal con-

centration in various tissues of the cat . We have previously
demonstrated the interrelationships between steroid hormone syn-
thesis and copper. In these studies we have looked at the converse
problem; i.e^i in the presenceof too little or too much secretion
of the adrenal cortex, what are the effects on metal concentration
in several tissues of the cat? Cats were adrenalectomized and
maintained for 3-5 weeks at which time they were exsanguinated and
their tissues removed using special techniqueSo Control cats
were sacrificed in parallel with the adrenalectomized cats. Brain,
spinal cord, sciatic nerve, liver and sciatic muscle mass of both
groups of cats were analyzed for the concentration of approximately
25 metals by spark-source mass spectrometry. Results of these
studies indicate that concentrations of most trace metals increase
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in the liver following adrenalectomy whereas concentrations of
these metals in brain are either unchanged or decreased. Changes
in spinal cord, sciatic nerve and muscle mass generally follow
the pattern observed in liver. Administration of excessive doses
of both carbohydrate-active and Na-K active adrenal corticosteroids
to adrenalectomized cats demonstrated that metal concentration may
be decreased significantly in liver, spinal cord, sciatic nerve
and muscle mass. These studies indicate that concentrations of
metals in several tissues are dependent upon the endogenous
secretion of hormones of the adrenal cortex.

9. Uptake of Zn by various tissues of the rat . Ten u-c

of Zn"^ v;ere injected into rats and its distribution evaluated
in terms of % dose found in physiological fluids and tissues from
minutes to 7 days after injection. In general, blood levels
rapidly fell within the first 24 hours after injection and uptake
was highest in bone, liver and tongue, respectively. Separating
the tongue into an anterior portion, containing fungiform papillae
and taste buds, and posterior portion, containing foliate and
vallate papillae and taste buds, indicated that the posterior
portion contained more Zn""' than the anterior portion. Many more
taste buds are present in the posterior portion than in the
anterior portion.

Significance ; During the p ast year we have systematically inves-
tigated several aspects of the physiology and biochemistry of
metal metabolism in mammalian systems.

1. Metals and steroidogenesis: We have extended our work of
last year and designated that the A^-3 hydroxysteroid-dehydrogenase-
isomerase step in steroidogenesis in rat and cat requires copper.
We have also shown that the concentrations of metals in several
tissues are dependent upon the presence of the endogenous secretion
of the adrenal cortex and that these effects may differ among
various tissues. The liver appears to be an important source of
all metals and that these metals are mobilized by increasing the
amount of circulating adrenocorticosteroids . Metal concentration
in brain is not controlled in the same manner. These studies
have great importance to the manner by which tissues take up,
store, and metabolize metals.

2, Metal-protein interactions: We have demonstrated that
metals in urine are not "free" in the sense of appearing in urine
as ions but are liganded with relatively small molecular weight
peptides or proteins. Two distinct metal containing proteins
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have been identified in dog kidney. One is of MW 34,000, contains

equal amounts of copper and zinc and is probably cytocuprein.
The other is of MW 10,000, corresponds to metal lothionein in size

but contains only copper, without zinc or cadmium. These latter
studies indicate that kidney metallothionein may differ signifi-

cantly in different animal species, may contain different m^etals

and may not contain cadmium.

3. Metal-neurotransmitter interactions: We have initiated
studies in this area and v/e have demonstrated that m.etals, in

general, are inhibitory for the uptake of NE and Ch by brain
synaptosomes and for the activity of both Na-K activated and Mg
activated ATPase activity. The specific nature of this inhibition

has been systematically investigated and related to the nature
of the metal-neurotransmitter complex. However, two metals Mn
and Sn appear to enhance norepinephrine uptake. The mechanisms
by which this enhancement occurs has been systematically investi-
gated. Sn acts to enhance Na-K ATPase activity specifically
without effect on Mg-ATPase activity. It is through this effect
that it enhances the uptake of NE by brain synaptosomes. These
studies suggest the first physiological role for Sn in mammalian
systems.

4. Pituitary-gonadal regulation of copper and zinc metabolism
in the female rat. These studies have demonstrated that serum
concentrations of copper and zinc are influenced primarily by
both estrogen and progesterone, not by LH or FSH. The relation-
ship between copper and the initiation of ovulation has been
investigated,, The role of copper in the control of fertility in
man is of particular importance since intrauterine devices coated
with copper are more effective for several reasons than the same
devices coated with Teflon. The mechanism for this phenomenon
is not yet apparent.

5. Circadian variation of copper and zinc in man. We have
established that seriom concentrations of copper and zinc exhibit
circadian changes in man and that these changes can be observed
for copper in urine but not for zinc. A circadian variation for
ceruloplasmin in serum has also been observed for the first time
and this may relate to the circadian changes observed for the
first time and this may relate to the circadian changes observed
in serum copper concentrations. These changes are not abolished
following blocking of the endogenous secretion of the adrenal
cortex and of pituitary ACTH for a period of 3 days.

10 '^^



NHLI-1 11(c)

6. Role of metals in taste. Injection of Zn^^ in rats
demonstrated that the tongue was one of the most active tissues
in acciomulating Zn after bone and liver. Correlating these studies
with those previously noted in which zinc was found in the epi-
thelial layer of papillae by laser microprobe spectroscopsy
suggest that taste bud bearing papillae and perhaps even taste
buds themselves may take up zinc avidly.

Proposed Course of Project ; Each of the studies outlined will be
continued in the specific manner indicated. In general, we will
investigate the physiology and biochemistry of metal-protein
complexes in several physiological fluids, the nature of the role
of Sn and Mn in enhancement of NE uptake by synaptosomes and the
role of Sn in ATPase activity. We will continue to investigate
the role which metals play in neural activity. These studies
will fit closely with the role which metals play in the taste
process. In addition, the role of taste buds and other tissues
in the uptake of Zn°^ and the role of various factors which in-
fluence the uptake, metabolism and storage of this metal will be
evaluated in man and other animals

.

Honors and Awards: None
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Project Description:

Objectives ; To investigate, in a systematic manner, the ana-
tomical, physiological, pharmacological and pathological corre-
lates of taste and olfaction.

Major Findings: Taste

Anatomy . In order to understand the physiology and biochemistry
of taste, the taste receptors must be identified and their function
specified. The correlation of form and function in taste buds of
any vertebrate or invertebrate system at present is rudimentary.
In order to identify and specify the taste receptors we have
undertaken the following projects:
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1. Do taste buds in different papillae in man and animals
differ in form or function? In man, in order to answer this
basic question taste buds from fungiform, circumvallate and pa-
latal papillae in normal man were studied systematically by
light and electron microscopy. Because of the size and location
of the buds in papillae their orientation is difficult. Know-
ledge of taste acuity in those subjects or animals in whom taste
buds are studied anatomically is essential for evaluation of
normality. These two aspects of anatomical studies of taste buds
have been carried out.

Systematic evaluation of taste buds in man has been made in

patients who have had their taste acuity tested and found to be
normal. These patients are usually to undergo a surgical pro-
cedure in the National Cancer Institute. With their informed
consent, at the time of surgery, fungiform, circumvallate and
palatal papillae are excised, immediately placed in glutaralde-
hyde and embedded in plastic and fixed for sectioning. Thick
sections are cut (less than 1|J.) and first evaluated by light
microscopy to insure the presence of buds and their proper orien-
tation . This has saved weeks of time previously spent hunting for

buds through the use of traditional thin sectioning techniques.
After the bud is properly oriented thin sections are made and the
bud evaluated in detail. In this manner buds from approximately
five circumvallate papillae have been studied in detail and they
confirm our earlier observations of the anatomical organization
of the bud; i.e., from the pore inward there are 8 levels of or-
ganization; (1) a pore filled with granules and finger-like proc-
esses of Type I cells, (2) the cell process layer, (3) the dense
extracellular layer, (4) the layer of neurosecretory granules,
(5) the kinetosomal layer, (6) the nuclear layer, (7) the synaptic
vesicle layer and (8) the axonal layer. There are 4 anatomically
distinct types of cells identifiable in this taste bud as follows:
Type I cells— these comprise at least 80% of the cells of the bud,
have processes which extend out of the bud into the open pore
have paired kinetosomes, have neurosecretory granules, have their
synapses such that they appear to be afferent to the central ner-
vous system and appear to be the receptor cells of the taste bud;
Type II cells—these comprise about 10-15% of the cells of the
bud, have processes which extend near the pore but not necessarily
into the pore, have centrioles adjacent to the cell nuclei but
not kinetosomes, have vacuolated cytoplasm, do not have neuro-
secretory granules, have their synapses such that they appear to
efferent from the CNS, have large fiber bundles which run from
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below the nuclear area to the infra-pore area and appear to be

the effector cell which participate in the closure of the bud;

Type III cells—these comprise 1-5% of the cells of the bud,

have processes which extend into the pore but other characteristics

including their possible function are not well established; Type

IV—these cells have been seen only occasionally in the bud, are

located near the base of the bud and their anatomy and function

are not well evaluated. In a more preliminary m.anner, two buds

from fungiform papillae have been evaluated. Only two cell types.

Type I and Type II cells^have been observed in them. They differ

in anatomy from the buds of the circumvallate papillae due to

their long necks and their opening directly into the oral cavity.

The buds are located on the lingual surface of the papillae as

>' opposed to the position of the buds of the circumvallate papillae

which are in crypts beneath the lingual surface. Palatal papillae

i| possess buds which are more like buds from fungiform than circum-

'I

vallate papillae since they open into the oral cavity being
' positioned on the palatal surface of the papilla.

In the rat, this same anatomical framework has been observed

in the vallate papillae containing buds similar to the circum-

vallate papillae in man. Similar placement of buds are in fungi-
j^,i. form and palatal papillae containing equivalent structures.

. I*

It is of interest that no blood vessels or lymphatic channels
were observed in any taste bud. Similarly, no mitotic figures
were clearly identified which raises the questions of how the
taste bud maintains itself, from which tissues do taste cells

form, in what manner do taste cells degenerate and how does the

bud handle degenerating material. These questions have not yet
been approached systematically although estimates suggest that
the cells of the rat taste bud regenerate over a period of 3-11

days .

2, What specialized sensory receptors, if any, exist in the

papillae themselves and, if they exist, can they be related to the

taste process in any manner? In order to ansv/er this question
a systematic evaluation of the anatomy of the fungiform, circum-
vallate and palatal papillae in man and also the valate papilla

in rat has been undertaken independent of the study of the taste

buds . These studies produced results not previously obvious due

to the technique by which they were carried out. Since all tissues

were fixed in glutaraldehyde, little artifactual damage to the

tissue was made in comparison to usual techniques of fixing in
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formalin and embedding in parafin as earlier anatomists had done.
Sections from the tissues used in the present study were stained
with osmium. In these tissues myelinated fibers could be demon-
strated extending into the epithelial layer of the papillae ad-
jacent to the taste bud in circumvallate papillae of man and valate
papillae of rat. These fibers, not previously described, may
subserve touch, temperature and pain in the papilla. In addition,
Paccinian corpuscles (specialized pressure receptors) were demon-
strated for the first time. Meissner's corpuscles and other
specialized sensory receptors and nerve endings were also observed

.

These structures indicate that the papillae of the tongue contain
the same sensory receptors as does the epithelial layer of the
skin. In addition, striated muscle has been observed to be
present at the base of each papilla and fibers from major muscle
bundles of the lingual muscles appear to branch off to each
papilla. No specific connections between the striated muscle
fibers and the Type II cells have yet been clearly observed

.

3. What differences, if any, exist between the taste buds
of patients or animals with altered taste acuity and those with
normal taste acuity? The taste receptor is the only receptor
(other than touch) that can be anatomically evaluated serially
in patients with a sensory abnormality without limitation to
subsequent sensory function. For this reason taste buds from
circumvallate papillae in patients with idiopathic hypogeusia,
aglycogeusia and known vitamin A deficiencies have been evaluated
and compared to taste buds from individuals with normal taste
acuity. The changes observed in buds from patients with idio-

pathic hypogeusia previously described were confirmed to be

localized mainly in the pore region of the bud with disruption
of the normal organization, as noted in this report of 1970.

Preliminary results from the bud of the one patient with
aglycogeusia studied demonstrated marked degeneration of the

Type II cells with a perinuclear hyalinized appearance. No

processes of Type I cells could be observed in the pore region

but rather club-shaped clumps of cytoplasm.

Taste buds from circumvallate papillae from prisoners before,

during and after feeding a diet deficient in vitamin A were ex-

cised and studied in detail. Taste and smell acuity was also

measured before, during and after feeding the diet at the time of

the biopsies. Tissue was handled as nored previously. When

these men were vitamin A deficient they exhibited several ab-
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normalities of vitamin A metabolism: skin abnormalities, abnormal

dark adaptation curves and abnormal electroretinograms . Buds

from men who were vitamin A deficient showed disorganization of

the pore area with absence or marked decreases in the finger-

like processes of the Type I and II cells, marked decreases of

the dense extranuciear material and the presence of large "lipid

inclusion" bodies which have not been previously observed in any

bud . Although these patients exhibited marked hyperparakeratosis
of their skin, the papillae samples were not particularly kerati-
nized nor were the pores of the taste buds covered by keratin.
In fact, the pore areas were clearly open to the crypt of the
papilla. The number of taste buds present in the papillae, how-
ever, were estimated to be decreased below normal by more than

1'' a factor of 2 . Kinetosomes were present in Type I cells as were
neurosecretory granules; the latter were of normal number and

,|
stratification. Type II cells were normal in number and appearance
without any hyalinized perinuclear area. The abnormalities noted

;

appear to be different from any we have yet seen. In following
the anatomy of the buds after vitamin A replacement using each
patient as his own control, the abnormalities noted during the

.

' "' depleted state disappear and the buds cannot be distinguished
^ ,i. from those of other normal subjects. Taste acuity was also
jj "• measured in these patients after repletion with vitamin A and
"''.* found to be normal as were other function of vitamin A metabolism
}1I< ' including skin appearance, grossly and by histological examination

and visual function.

4 . Is it possible to find an animal whose taste receptors
respond to only one taste quality and yet are simple enough to
study in detail by present day anatomical techniques? We believe
that in the blowfly, Phormia regina, we have found a system v;hich
responds primarily to only one taste quality which is simple enough
to be studied anatomically and biochemically and which is similar
enough anatomically to the mammalian system that information gained
through study of its taste responses will enable us to generalize
to higher organisms. The gustatory system of this fly consists
of five cells, only two of which are involved with taste. One
cell responds electrophysiologically and behaviorally only to
sugars of various types, the other in identifiable manner to all
other taste stimuli. In this sense this system can be identified
as responsive to one taste quality provided the appropriate stim-
uli are applied and responses measured. The gross anatomy of this
system consists of a hair cell with a pore on one end and two
large fibers, within a chitinous sheath, which lead to the five
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cells noted above. Only rudimentary electron microscope pictures
of the anatomy of this system had been previously carried out.
We have carried out preliminary work in this insect and have
shown that there are, in the one cell which presumably responds
to sugar, paired kinetosomes which can be traced by means of
their rootlets to the fibers which enter the chitinous sheath.
Each fiber is made of two structures, one set larger, the other,
smaller. Each set or unit is filled with microtubules. These
microtubules run the length of the sheath and end at the pore
surrounded by granules which initially appear to resemble those
seen at the pore of the human taste bud . This system appears
to offer much promise for future anatomical and biochemical study,

Physiology . 1. Saliva. Salivary volume and composition, as

well as taste acuity, has been studied in rats in whom all major
salivary glands had been excised and who were treated with pilo-
carpine. Analysis of saliva has not been carried out in detail.
Taste acuity, as noted by others, is markedly impaired. Salivary
composition has also been studied in patients with cystic fibrosis
of the pancreas . These studies confirm our earlier observations
that the zinc concentration in the saliva of these patients was
excessively high in comparison with normal subjects but that
copper concentration was within normal limits. This finding may
aid in the diagnosis of this condition due to the ease with which
saliva can be obtained and metals measured, even in infants.
Saliva has also been collected in patients with various taste
abnormalities and is being evaluated with respect to its metal
concentration

.

2 . Metals . Metal metabolism in some manner appears to be
involved with the control of taste acuity in man and animals

.

In order to specify some aspects of this interaction it is

necessary to know whether or not metal ions are present in the
taste bud or the taste bud bearing papilla and whether or not
this is a general or specific phenomena. This problem has been
approached from three directions. First, whole tongues and
valate papillae from normal rats were excised and either immedi-
ately frozen or fixed in glutaraldehyde and studied for their
metal concentration by laser microprobe mass spectrometer tech-
niques. Serial anatomical analysis of the whole tongue revealed
that zinc was found only in the area defined by the valate papilla
coincident with the finding of barium and strontium. Cross
sectional analysis of the valate papilla itself revealed zinc to
be present only in the epithelial layer of the papilla, that
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layer containing taste buds and other sensory receptors, while
none was found in the muscularis or adventitial layers. Similar
analysis of circumvallate papillae was carried out in man, in

patients with normal taste acuity and in patients with idiopathic
hypogeusia. Zinc, barium and strontium was present in papillae
from patients with normal taste acuity while zinc could not be
clearly demonstrated in papillae from one patient with idiopathic
hypogeusia. Technical problems with this technique severely
limit interpretation of these results due to the inadequate
resolution of the instrument used (about 25 m.icrons) . However,
the results suggest that zinc is present in the taste bud bearing
papillae in amounts adequate to measure but not in surrounding
portions of the tongue and that zinc could not be measured by

''" the techniques used in the papillae of one patient with idiopathic

y, hypogeusia. Taste thresholds of this patient returned to normal
, i|; ' after treatment with zinc ion.

;;
Secondly, rat tongue and valate papillae were studied by

electron microprobe microscopy but the results could not be in-
terpreted due to technical difficulties with sample preparation.

.,<
'• Thirdly, Zn°^, 10 M-c, were injected intravenously into rats

J' II'

and the tracer located in various tissues at various time periods
i!!j

<• following injection. With the exception of bone and kidney, no
tf"' other tissue contained as much Zn^^ per gm wet weight of tissue

as did the tongue. Gross fractionation into posterior portion,
containing the valate papilla, and the anterior portion, con-
taining only fungiform papillae, was consistent with finding
more Zn°^ in the posterior rather than in the anterior portion
of the tongue. These studies suggest that zinc may play a role
in the papilla bearing taste buds.

3 . Thiol-containing drugs and amino acids and their relation-
ship to taste acuity. We have previously suggested that thiols
are important as inhibitors in the taste process in man. To
demonstrate this suggestion experimentally rats were fed diets
with added D-penicillamine, cysteine or methionine, and their
taste acuity was measured by the twenty-four hour, two bottle,
free choice technique. These studies demonstrated that D-peni-
cillamine produced decreases in taste acuity of great magnitude
and significant differences in preference for NaCl between normal
and D-penicillamine fed rats could be observed during presentation
of solutions of NaCl as aversive as 0.75 M. Similar results were
also shown for cysteine, a diet containing 2 gm cysteine per
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100 gm mixed feed (Purina chow and dextrose) being more effective
in reducing taste acuity than a diet containing 1 gm cysteine per
100 gm mixed feed . Methionine also reduced taste acuity but not
to the degree noted with cysteine or D-penicillamine , Studies of
copper and zinc metabolism in the rats fed cysteine demonstrated
that no depletion of copper or zinc had occurred in blood or
urine during the study which suggests that the effect on taste
acuity was due to feeding the amino acid. The dose-response
relationship suggests that the effect on taste can be increased
by feeding more of this amino acid

.

4. Taste Modifiers and Enhancers.
a. Miracle-fruit protein (MFP) . The glycoprotein of

the miracle-fruit berry has been known to alter the taste of sour
substances to sweet. Its amino acid and sugar composition has
been studied and some disagreement about its composition has been ' H ^

indicated although its molecular weight of 44,000 is well docu- ''

mented

.

We have investigated the biochemical and physiological
characteristics of the berry. Initially a new purification
technique was developed which differs significantly from that of

i [

others. Berries, pulp and skin, are stirred several hours at
0-4°C in a suspension of 1/5 part insoluble polyvinyl pyrrolidone
(PVP) in 10 parts 0.1 M NaC03 buffer, pH 10.5. The green-brown
homogenate is filtered in the cold. The supernatant contains the
active principle as determined physiologically by bioassay. A
typical yield is 40 mg of TCA-precipitable nitrogen per 100 g wet
weight of berry. The supernatant material from A is made 0.1 M
in e amino caproic acid and insoluble PVP is added . Over an
one-half hour period glacial HAc is added dropwise to the stirred
suspension at 0-4° C to lower the pH to 6.0-5.5. A solution con-
taining the active principle is recovered therefrom by filtration

.

Typical yield is 20 mg of TCA-precipitable nitrogen per 100 gm
wet weight of berry. The active principle is then adsorbed onto
a short column of BioGel-CM, equilibrated with 0.1 M NaP04 buffer,
pH 6.0, at 0-4° C. The column is then washed with 0.1 M buffer,
pH 6.5, then the active principle is eluted stepwise with 0.1 M
Na2P04 . Typical yield is 2 mg of TCA-precipitable nitrogen per
100 gm wet berry weight. The active principle, called MFP (miracle

fruit protein) is adjusted to pH 6.0-6.5 and chromatographed on

a column of carboxymethyl polyacrylamide gel. A shallow pH
gradient in NaP04 buffer elutes the MFP over the pH range 7 .0-

7.3. Typical yield is 2 mg TCA-precipitable nitrogen per 100 gm

8 5rr
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wet weight of berry

.

f;'teps A,B and C removed condensed tannins which otherwise

interfere with the stability of the MFP . Commercial preparations

are unstable with respect to this factor and do not store well.

A papain-like protease was also removed by these steps and this

also reduced the yield of MFP reported by other investigators and

contributed to the instability of the product. By this process,

MFP recovery is at least two-fold greater than yields reported

by other investigators and the scheme is significantly simpler.

Elution diagrams of the step D chromatography reveal MFP peaks

which vary from preparation to preparation. MFP is easily
aggregated so that these fractions may represent various aggregates
or compos it ionally different proteins. These potential differences
are currently under investigation.

Gel filtration data have confirmed the apparent molecular
weight of MFP as 44,000, as noted by other investigators. Gel
filtration m a dissociating solvent, however, indicates that
this value is a monomeric molecular weight. Disc electrophoresis
studies are in progress as are studies on amino acid and carbo-
hydrate composition. Limited study of primary sequence is con-

II
templated, as are experiments aimed at removing carbohydrate

y components by enzymatic and chemical means. Effects of MFP on
"' normal subjects have been carried out and indicate that the effects

of our preparation are approximately 5 to 10 times, mg for mg,
those of other investigators for altering the taste of sour to
sweet. Utilization of MFP in patients with aglycogeusia demon-
strate that there is no effect suggesting that an intact system
for the sweet taste quality is required.

b. Protease activity. Anatomical and physiological studies
carried out in the past year suggest that the taste receptors of
the bud are exposed to the oral environment. We have also sugges-
ted that the membrane of the Type I cells are these taste recep-
tors and that these are the receptors exposed to the oral en-
vironment . If these hypotheses are correct then placement of
proteases into the oral environment should alter taste acuity in
the direction predicted; i.e., disruption of secondary or tertiary
structure of the protein of the receptor membranes with resulting
interference with the pre-neural events of taste. Similarly each
taste quality should be affected and the detection/recognition
ratio should not be altered, each threshold increasing proportion-
ately. These hypotheses were confirmed in experiments carried out

9 JSg
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in subjects vjith normal taste acuity o Several proteases were
introduced into the oral cavity (pronase, trypsin, papain) and
each produced an iinmediate reduction in taste acuity coincident
with slight burning sensations in the areas of the mouth where
taste buds are located. Pronase, a relatively non-specific
protease, was more effective in lowering taste acuity than was
either trypsin or papain. The pronase effect lasted as long
as 18 hours for the taste of bitter. Administration of proteases
resulted in the sudden onset of hypogeusia for all taste qualities
Return of taste acuity to normal was slow and followed a con-
sistent pattern. Initially, sour thresholds returned to normal,
followed by salt and sweet thresholds, and lastly, thresholds
for bitter. Introduction of lipases or amylases into the oral
cavity had no effect on taste acuity. Similarly introduction of
chymotrypsin or pepsin into the oral cavity did not alter taste
acuity. Initial histological examination of valate papillae of
rats treated with pronase suggest no anatomical changes in the
bud were produced by introduction of this enzyme. These studies
indicate that a protein containing receptor, subserving four
taste qualities, is exposed to the oral environment and subject
to the influence of proteases

,

>rr

c. Taste modifiers. Monosodium glutamate, various nucleo-
tides and peptides appear to modify taste acuity in such a way
that placement of them in food makes the food more "flavorful".
Studies of the effects of these substances on taste acuity in
man are non-existant . Drugs and amino acids which affect metal
metabolism also affect taste acuity when given systemically

.

To evaluate these various substances we have studied the effects
of various nucleotides, peptides, membrane and ATPase modifiers
and metal chelators on taste acuity in normal subjects in a
manner similar to that carried out with proteases. These studies
are currently in progress. Initial results indicate that metal
chelators alter taste acuity in a manner similar to that noted
for proteases. Initial results also indicate that nucleotides
which influence taste acuity appear to do so by inhibiting only
one taste quality, that for bitter, leaving other taste qualities
intact . This latter result could explain the extremely common
use of these substances in Japan where diets consist prominently
of soy products. These products which are intensely bitter, can
be made to taste quite palatable through the utilization of
nucleotides and may represent a specific alteration in one taste
quality similar to that observed with the utilization of miracle
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fruit berries by African natives to alter the sour quality of

their wheat products

.

5. Role of vitamin A. Nine prisoners, housed on the metab-

olic unit of the Department of Medicine, University of Iowa

School of Medicine, have been taking a diet deficient in vitamin
A for 1 1/2 years. Serial studies of their vitamin A metabolism
have been made including serum levels of the vitamin and its

carrying protein (retinol binding protein) , clinical and histolog-
ical changes of skin, and changes in visual function. Prior to

the measurement of any changes in vitamin A metabolism taste
and smell acuity was measured and biopsies of circumvallate
papillae taken . Patients were then depleted of vitamin A and

thresholds again measured and biopsies taken. Patients were sub-

sequently repleted with vitamin A and thresholds were measured
again and biopsies taken. These studies indicate that when
depleted of vitamin A thresholds for each of four taste qualities
were significantly elevated and they returned to normal following
vitamin A repletion. Changes in the taste buds of these patients
have been detailed above. These studies demonstrate that vitamin
A is required for normal taste acuity although the mechanism for

this is not knowii

,

Pathology . 1. Idiopathic hypogeusia with dysgeusia, hyposmia
and dysosmia . This new disease was described in detail. Although
previously mentioned in this report of 1970 the number of patients
who suffer with this abnormality was not fully appreciated . We
have received requests for assistance for treatment from over
3,000 patients who appear to suffer with this illness. Etiolog-
ically, the disease generally occurs following an attack of in-

fluenza but may occur following surgical procedures or without
known cause. Pathologically there is a characteristic lesion
of the taste bud which accompanies those cases studied. Treat-
ment of 52 patients in a single blind study with zinc sulfate,
in doses of 25, 50 or 100 mg orally, daily, as zinc ion, has in-
dicated that thresholds for four taste qualities return to normal
in 25%-67% of the patients treated. This disease, although not
usually life threatening can be severely discomforting- The
dysgeusic and dysosmic components of the disease allow the suff-
erer little or no pleasure from the intake of food. We are at

present studying the efficacy of treatment of this disease with
zinc sulfate in a double-blind design which will entail the
eventual treatment of 108 patients in a modified crossover, block
design .

11 5Jff
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2. Sjogren's Syndrome. Described in this report in 1970

this study has been continued and expanded such that 30 patients
with this abnormality have been carefully evaluated and their
loss of taste acuity documented. Median detection and recognition
thresholds for each taste quality except for sweet, which is at

the upper limit of normal, were elevated above normal in these
patients. Treatment with Cytoxan or other agents designed to

correct their underlying abnormality has not been successful in

returning their taste acuity to normal except in patients in whom
salivary flow has returned significantly. Treatment of a limited
number of patients with zinc ion was also unsuccessful in either
returning salivary flow or in returning taste acuity to or toward
normal in any patient, although equivalent treatment in patients

with idiopathic hypogeusia was associated with significant bene-
ficial effect.

^1

3. Wegener's Granulomatosis and Midline Granuloma. Described

in this report in 1970 this study has been continued and expanded

such that 15 patients with these abnormalities have been carefully

evaluated and their loss of taste acuity documented. Treatment

of patients with Wegener's granulomatosis with Cytoxan and carbo-

hydrate-active steroids which produced a remission of their disease

also produced a spontaneous return of taste acuity to normal.

Treatment of a small number of patients with zinc ion, independent

of treatment with Cytoxan or steroids, also produced a return of

taste acuity to normal in each patient so treated. Treatment of

patients with midline granuloma with X-irradiation which produced

a remission of their disease also produced some return of taste

acuity toward normal. Virulent and aggressive infections in the

nasal area were not associated with loss of taste. These findings

may be useful in the oftimes difficult diagnosis of these rare

diseases . Similarly, the loss of taste appears to be highly

correlated with a recurrence of these diseases . The mechanism

by which these changes occur is not known.

4. Type III familial dysautonomia . Two patients with diabetes

mellitus, optic atrophy, neurogenic bladder, and neurosensory

hearing loss with hyposmia, hypogeusia, hyperalanineuria, abnormal

heat intolerance and other autonomic dysfunctions were studied in

two sibs, aged 16 and 18.

The diabetes was insulin dependent, but resistant to ketosis.

Plasma growth hormone and Cortisol were normal, but neither re-

sponded to intravenous piromen . Arginine produced markedly
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elevated and prolonged increases in iitununoreactive plasma growth

hormone . Metapyrone and ACTH produced normal responses . Oral

papillae and taste buds v/ere present. Nerve conduction veloc-

ities were normal . Both shov/ed normal responses to intradermal

histamine and pilocarpine, but abnormal cold pressor tests. Both

had miosis after conjunctival placement of 2.5% methacholine

.

In a constant environment at 120 °F with 12% relative humidity for

45 minutes their v;eight losses were significantly less than nor-

mal (80 gm) , demonstrating the absence of sweating, while their

body temperatures rose to 40°C with an abnormal temperature curve.

Nevertheless, pilocarpine iontophoresis of the skin of the fore-

arm produced normal sweat volumes. Abnormal glucose tolerance

curves were demonstrated in the father and paternal uncle. The

mother demonstrated miosis after conjunctival placement of 2 .5%

methacholine. Both parents showed hypogeusia and abnormal cold

pressor tests but normal responses to intradermal pilocarpine

.

These findings suggest that this syndrome belongs in the
general category of familial dysautonomia . In contrast to Types I

and II familial dysautonomia, this syndrome appears to have little
peripheral component and to be due primarily to central autonomic
dysfunction as opposed to the predominant peripheral autonomic
dysfunction in Type II, and the central and peripheral autonomic
dysfunction in Type I familial dysautonomia.

5 . Aqlycoqeusia and Hypoglycoqeusia . Inability to recognize
the taste of any sweet substance, aglycogeusia was described in

patients with congenital idiopathic hypoparathyroidism in this
report in 1970. During this past year we have observed the
presence of this defect and a partial defect, hypoglycogeusia,
a quantitative decrease in the recognition of the taste of some
sweet substances, in patients with Hand-Schuller-Christian
disease, and in the mothers of these patients. This latter ab-
normality has also been observed in some unaffected siblings of
the patients with this disease. These preliminary observations
suggest that the ability to taste sweet may be controlled in some
specific manner perhaps similar to that noted for the bitter taste
of phenylthiocarbamide . These studies are also important in
suggesting that a protein abnormality of an as yet unspecified
type or location could be responsible for this defect and may
offer us an important clue to the understanding of the basic
mechanism of taste, particularly the taste of sweet.
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6. Disseminated carcinoma of various types. Patients with
carcinomatosis either untreated or treated with various toxic
agents have developed anorexia and taste loss . These symptoms
have not been susceptible to standard forms of therapy. We have
been informed of patients with carcinoma of the pancreas, liver,
stomach or lymphoma who have anorexia and loss of taste as their
primary complaint subsequent to treatment of their underlying
condition. Although the complaints of these patients are ob-
viously complex and determined by many factors we have treated
several of these patients with zinc sulfate in a single blind
study to observe the effects of zinc ion on the anorexia and
taste loss of these patients . These studies have been carried
out through the cooperation of physicians at the City of Hope,
Duarte, California and others throughout the U.S. Serum and
urine were collected in metal free containers and zinc sulfate
in the amount of 100 mg daily, as zinc ion has been administered.
To date, studies on 5 patients have been completed. In two
patients with carcinoma of the liver administration of zinc ion
reversed the subjective complaints of anorexia and taste loss in
both patients; in one patient with disseminated lymphoma change
in appetite was evaluated subjectively while taste loss was
evaluated objectively before, during and after treatment with
zinc. Taste acuity in this latter patient returned to near normal
levels and the anorexia disappeared during therapy. Each of these
3 patients had significant elevations of their serum zinc concen-
trations while taking the metal. Each has subsecjuently died of
their underlying disease. One patient with carcinoma of the
pancreas and one with carcinoma of the stomach were also studied.
Their zinc levels in serum were normal prior to treatment and
following treatment for one month there were no subjective changes
in anorexia or taste acuity although serum zinc concentrations
increased significantly. These studies suggest that the anorexia
observed with carcinomatosis may be aided in some patients with
the administration of zinc ion.

3.

7. Hypertension and taste. Since 1906 the specific interre-
lationships between salt, fluid intake and hypertension have been
well documented. Treatment of essential hypertension with salt
and fluid restriction has been an accepted mode of therapy since
that time. Many attempts have been made to link salt intake to
hypertension, and while generally successful clinically, the
correlation between the two phenomena has not been specifically
convincing with respect to a model for possible mechanisms under-
lying hypertension. In an effort to investigate the possible role
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of the appreciation of salt as an etiological factor in hyper-
tension systematic studies in man and animals were undertaken.
In man, thresholds for the taste of each of four cjualities were
investigated in patients with hypertension of several different
etiologies. Untreated, with significant systolic and diastolic
hypertension, or treated with drugs or surgery which lov/ered the
blood pressure to the normal range, detection or recognition
thresholds for the population of patients with hypertension
studied did not differ from that of normal subjects. These re-
sults differed from those of other investigators who measured
an aspect of taste acuity which is neither detection nor recog-
nition of salt and found to be abnormal. The meaning of these
latter relationships were not clear but this unresolved incon-
gruity prompted us to measure the preference of a genetically
hypertensive strain of rats (SHR) for NaCl in comparison with
normal rats. These studies, briefly commented upon in this
report in 1970, have been carried out in detail in SHRs using
the twenty-four hour, two bottle, forced choice technique, SHRs
show a significant decrease in their acuity for NaCl as indicated
by their continued acceptance of solutions of NaCl normally re-
jected by other rats. This extends even to solutions as concen-
trated as 0.45 M NaCl. However, their preferences for other taste

','.• stimuli which are normally aversive such as quinine sulfate and
'J HCl are not different from normal. Curiously, the intake of
4"

"

...
excessive quantities of NaCl m the SHR is not accompanied by
excessive intake of fluid, something previously seen in each
animal in previous experiments in whom hypogeusia occurred when
produced by other means (e.g., feeding D-penicillamine, cysteine
etc.) . In order to document this finding we have repeated it on
four occasions, each time with the same results . Given a choice
between KCl and water or NaHC03 and water the differences between
the SHRs and normal rats were not clear and these experiments will
be repeated before any definitive interpretation will be made

.

Interpretation of the results of previous experiments also sugges-
ted that as the SHRs increased in age there was a decrease in
their choice for NaCl over water such that the differences seen
early in their life could be demonstrated but not as clearly as
they were previously.

In an effort to clarify some of the variables in these ex-
periments taste preference for various solutions were also
studied in rats made hypertensive by the adrenal regeneration
technique. Results of these experiments showed that taste
preferences in rats made hypertensive by this technique did not
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differ from those of control rats treated in a manner similar to
the adrenal regeneration rats but without significant hypertension
Studies carried out by other investigators in rats made hyper-
tensive by renal latex encapsulation or by deoxycorticosterone
administration report that these animals show an aversion for
NaCl and a polydipsia, exactly the opposite phenomena observed
in the SHRs

.

aTT -j

These conflicting data may allow the design of experiments
which may elucidate the etiology of hypertension. Either the
salt preference in SHRs may be related to their genetic diff-
erences from other rats or this preference which decreases
positively with increasing age may be related to biochemical
changes. This latter hypothesis raises the possibility that
since renin production in the SHRs may decrease with increasing
age there may be a correlation between these two events . Current
studies are being undertaken to evaluate this possibility.
Studies are also being undertaken to measure taste preference in
the SHRs following correction of their hypertension with antihy-
pertensive drugs and after treatment with various antiadrenergic,
anticholinergic and antiserotinergic drugs.

Studies in patients with hypertension have taken a form
similar to that described for rats . Patients are given a con-
stant, dry 9 Meq NaCl diet and all fluid imbibed taken from
either of two bottles, one containing distilled water, the other
150 mM NaCl. The subjects are given free access to these fluids
over a 24 hour period. Total fluid imbibed, percent of NaCl
imbibed and Na and K in the serum and urine are measured. Similar
studies have also been carried out in two other groups of subjects;
normal volunteers with normal blood pressure and without any
family history of hypertension or cardiac disease and normal
volunteers with normal blood pressure and significant family
histories of hypertension or cardiac disease. Taste thresholds
for 4 taste qualities are measured in each subject prior to the
start of the test. Results of studies in patients with hyper-
tension indicate that they prefer 20-60% of their daily fluid
as 150 mM NaCl whereas normal volunteers without any family his-
tory of hypertension or cardiac disease imbibe less than 10%
of their total daily fluid as 150 mM NaCl. These studies have
lasted from 5 to 8 days , Preference for NaCl in normal volunteers
with family histories of hypertension or cardiac disease differ
from that of the other normal volunteers in that they usually
begin taking in less than 10% NaCl but end the period of the

i

I
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study imbibing more than 20% NaCl. These provocative preliminary

results obtained from 5 patients with hypertension and 6 normal

volunteers will be expanded during the next year by the continued

study of normal subjects and patients with hypertension.

Pharmacology . Many drugs appear to affect taste acuity in

an adverse manner. These drugs have been brought to our attention

by reports made to medical journals throughout the world and

sent along to our unit for comment. These drugs have caused

subjective abnormalities of taste acuity in patients and were

made known to the physician administering the drug by the patient's

spontaneous complaints. In general, these reports have not been

followed up systematically with quantitative testing of detection
y* or recognition thresholds. These drugs include D-penicillamine,

j[l;'',
lincomycin, 5-mercaptopyridoxal, 6 axauridine triacetate, acetyl

,([' sulfosalicylic acid, griseofulvin, reserpine, ildamen, chlofi-
,.

" brate, valium and other tranquilizers and phenindione. Some of
'!, these drugs have similar actions and chemical structures and

thereby may provide important clues to the mechanisms by which
they act on taste acuity. For example, drugs which deplete the

body stores of norepinephrine and which may alter taste acuity
,.4'" suggest that catecholamines may play some role in taste. Indeed,
.i' ;;' granules of at least two types are present in and around the
'.'}* taste bud and their composition is unknown. Similarly, the
i^"' manner by which the taste information is transduced at the re-

ceptor in terms of a neurotransmitter agent is unknown . We
therefore have undertaken a systematic evaluation of drugs which
alter possible neurotransmitter agents in the rat in an effort
to identify the manner by which this transmission may occur.

Education of physicians of taste abnormalities . Because of

the prevalence of taste abnormalities in the population and the
lack of knowledge of this subject by physicians who see patients
with these abnormalities some method for supplying them with
this information and techniques by which they can document and
record these abnormalities must be made available. The technique
used in our laboratory is cumbersome and time consuming. There- I

fore, a simplified modification of our technique has been devised
and reduced to practice in the form of a Taste Testing Kit. With
the aid of the Campbell Institute for Food Research this kit has

been assembled and reduced to practice. Instructions for its use
and Taste Record Cards by which results can be formally recorded
have been made and will be available for distribution to interested;
physicians who wish to use this kit within the next 4 months . |
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As of this date over 500 physicians in the U .S

to obtain such a kit

.

have requested

Major Findings: Olfaction

Physiology . 1. Vitamin A metabolism. In the study previ-
ously noted with prisoners at the University of Iowa olfactory
acuity for several vapors were measured b.efore, during and
after depletion of vitamin A by feeding a diet deficient in
vitamin A and then readding vitamin A to the diet . Patients
developed hyposmia while on the vitamin A deficient diet . This
confirms the widely held belief that vitamin A plays some role
in maintaining normal olfactory acuity. However, the role which
vitamin A plays in olfaction is not clear. Studies in patients
with acute viral hepatitis have demonstrated that olfactory acuity
is impaired during the acute phase of the disease and it returns
to normal as the disease process wanes . Attempts to correlate
this hyposmia with changes in serum concentrations of vitamin A
were unsuccessful. However, there was a significant inverse
correlation between hyposmia and levels of bilirubin during the
disease and a significant positive correlation between hyposmia
and retinol binding protein (RBP) , the major transport protein
for vitamin A alcohol in serum. The correlation between vitamin
A metabolism and olfaction suggests that a relationship between
olfaction and vitamin A alcohol exists rather than between ol-
faction and vitamin A itself.

Attempts to correlate abnormalities of dark adaptation and
hyposmia with vitamin A and RBP metabolism in patients with
acute and chronic hepatitis were carried out in 12 patients
studied at Harlem Hospital, New York City. Dark adaptation was
normal in each patient although hyposmia and abnormalities of
both serum vitamin A and RBP were present in most. The interre-
lationships between vision, olfaction and vitamin A metabolism,
although provocative from the point of view of mechanism, are
not yet clear

.

2. Hypogonadism and olfaction. As noted in this report in
1970, a systematic evaluation of the effects of ablation of the
olfactory bulb in female rats has been undertaken. These studies
have been continued and appropriate control studies carried out.
Ablation of the olfactory bulbs reduces the intake of food in
female rats such that their body weights are significantly de-
creased from appropriate control animals. Paired feeding of rats
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showed that starvation was a significant factor in the delay of

sexual maturation but could not account for the profound delay

in sexual maturation noted after ablation of the olfactory bulbs.

FSH and LH measurements are at present being undertaken in these

rats by Dr. Charles Barraclough, Department of Physiology,

University of Maryland School of Medicine.

In man, the relationships between hypogonadism and olfaction
has been carried out in a prospective manner. Qsing the data

collected over the past 4 years in females with amenorrhea it is

possible to predict, on a statistical basis, the association of

Type II hyposmia with patients with gonadal dysgenesis and streak
ovaries as opposed to the association of Type I hyposmia or

'I'" anosmia with patients with hypogonadotrophic hypogonadism and
;'l;'^ unstimulated ovaries. Further studies are in progress at the

ll'
present time.

. *

'
;;

'

3. Mechanism of hyposm.ia following laryngectomy. In this
.' report in 1970 it was possible to state that bilateral surgical

interruption of the 9th and 10th nerves was associated with the
production of hyposmia as opposed to alterations in air flow

^.1 which did not produce hyposmia. In patients in whom various sur-
,(*

•' gical procedures involving the larynx have been carried out it

|!j
f has been possible to demonstrate that bilateral interruption of

iU' only the motor nerves to the larynx, i.e., the recurrent laryngeal
nerves, was associated with hyposmia. The mechanism underlying
this phenomenon is not clearly understood since sensory fibers
involved in several reflex actions of the larynx accompany these
motor nerves to the larynx . The feedback between nerves 9 and 10

and neural interconnections in the limbic cortex, as observed by
Dell, may be ultimately responsible for this interaction. Negus'
work, which demonstrates the role of larynx in olfaction in lower
mammals and vertebrates, supports this entire concept on a be-
havioral level.

4. Nosology. The characterization of "primary" olfactory
stimuli to correspond to the "primary" taste qualities of salt,

sour, bitter and sweet has produced much confusion. In general,
volatile, low molecular weight substances ( <300) have an odor
but their definitive grouping into qualities is not clear. In

our studies of patients with aglycogeusia and with various forms

of hyposmia it has been possible to isolate a specific "olfactory
primary"; i.e., sweet. Patients with aglycogeusia can detect
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gustatory and olfactory stimuli such as sucrose or chloroform,
respectively, but cannot recognize them as sweet; indeed,
all haloforms are detected by taste and smell but not recognized
as sweet . This is in contrast to the ability of patients with
anosmia who can taste all haloforms as sweet, but cannot detect
or recognize the vapor. These studies demonstrate that sweet is

a smell quality as well as a taste quality.

Pathology . 1. Sjogren's syndrome. Each of the 30 patients
with Sjogren's syndrome studied demonstrated significant hyposmia
of varying degree. As with taste acuity, no treatment schedule
returned olfactory acuity to normal in any patient unless sig-
nificant olfactory and nasal mucous was formed. Since these
patients exhibit dry nasal mucous membranes due to the lack of

nasal and olfactory mucous it is not surprising that olfactory
acuity would diminish as suggested by the electrophysiological
studies of Shibuya

.

2. Wegener's granulomatosis and Midline granuloma. As

noted previously patients with these two diseases suffer from
hyposmia of varying degree. Of the 15 patients studied, those

treated and in remission exhibited a return to or toward normal
olfactory acuity. The mechanism underlying this change is un-

known. However, in spite of the rarity of this disease, any

patient with a history of hyposmia should be carefully evaluated

to rule out either of these two diseases since early treatment

can result in remission.

3. Idiopathic hyposmia. We have studied patients with

idiopathic hyposmia over the past 4 years . They fall into two

categories, congenital hyposmia, usually Type I, and acquired

hyposmia, which can be either Type I or Type II. We have treated

patients with both varieties with aqueous vitamin A, 50,000 units

daily for up to three years . The hyposmia was returned to or

toward normal in some patients with both congenital and acquired

hyposmia but not in others . In an effort to document these changes

we have undertaken a small double blind study in which a number

of patients will be investigated, some receiving placebo for 6

months, some receiving aquasol A, 50,000 units daily, in an effort

to evaluate the efficacy of vitamin A in the treatment of these

ill defined conditions. Mr. M. Raff and Dr . W . Friedewald will

assist us in the designing of this project.

i
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4. Retinitis pigmentosa (RP) . Patients with this abnormality

represent a variety of retinal defects. In a single blind study,

22 patients with this abnormality have been studied over a period

of 6 months . Documentation of their retinal defects were made

independent of measurement of their taste, smell or auditory
acuity. Results demonstrate that patients with RP fall into

three categories of sensory abnormalities. The 10 patients
studied with "typical RP" exhibited a demonstrable loss of taste
and smell acuity. Auditory acuity was significantly decreased
in approximately 45%. The 14 patients studied with "atypical RP"

,

with pigmentary changes of the retina, exhibited some decreased
taste acuity but normal olfactory acuity. Auditory acuity was
also significantly decreased in about 40%. Only four patients

]i" with other retinal degenerations without pigmentary changes were
',

' studied . In general they exhibited hyposmia but normal taste
|. ' acuity. None had decreases in auditory acuity. Too few patients
"; in this latter category have been studied to consider them an

[.',<• adequate control group. At the present time measurements of
'

' vitamin A and RBP levels in serum do not clearly differentiate
patients with RP . Hovv^ever, systematic studies of vitamin A and
of RBP are at present underway to establish the presence or
absence of any correlative biochemical changes.

''% These results suggest that patients with RP may have abnor-
jjl. " malities of several sensory systems. Since RP is inherited in

a dominant or an autosomal manner and since geneologies have
been carefully documented by members of the NEI, patients with
these abnormalities will be studied in a prospective manner such
that the hypotheses made from results of the single blind study
may be tested and evaluated. If these abnormalities do define
patients with RP evaluation of receptor changes will be carried
out

.

5. The Molecular Basis of Olfaction. A report on the
molecular basis of olfaction has been prepared for the Office
of Naval Research during this past year. The purpose of the
report was to review the state of the science of the sense of
smell. In this report all major molecular theories of olfaction
were evaluated and critically analyzed with respect to pre-
vailing scientific thought and information. Over 5000 papers
were reviewed, approximately 500 in detail and these were criti-
cally analyzed. Based upon these findings the requirements which
an adequate molecular theory of olfaction must satisfy have been
established .
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Sicrnif icance : Taste . We have operationally divided the taste
system into 5 functional, component parts: (1) pre-neural events,
(2) transduction events, (3) neural events, (4) CNS-feedback
events on the bud and (5) humoral influences on the entire system.
The major contribution which we have made is primarily limited
to knowledge of the pre-neural events and to the definition of
the transduction events

.

We have clearly shown that there are at least two types of
pre-neural events in taste. We have hypothesized that some form
of chemical sieving controls the non-specific portion of the pre-
neural events . Experiments carried out which demonstrate the
inhibitory effects of thiol containing drugs and amino acids
on taste support this concept. Similarly supportive are data
demonstrating oral placement of proteases affect all taste
qualities. These results suggest that proteases are effective
on protein of the taste bud exposed to the oral environment. We
suppose this protein is part of the membrane of the receptor
cells of the taste bud . Our anatomical observations suggest that
this is the Type I cell of the taste bud which comprise 80%
of the cells of the bud .

We have also demonstrated that there is a specific portion
of the pre-neural events of taste which relate to each taste
quality. We have demonstrated specific pathophysiological
abnormalities for the taste of sweet and also have isolated,
in a purer form than have others, a substance which specifically
alters the taste of sour to sweet. The specific taste events
are most probably involved with the binding of tastant to the
receptor membrane. Our anatomical investigations of the receptor
of Phormia regina and of taste buds from patients with aglycogeusia
have given us information of the anatomical receptor configuration
related to appreciation of sweetness.

We have placed the entire problem of taste acuity within the
framework of medical practice. The prevalence of the disease
Idiopathic Hypogeusia which we have recently described indicates
the need for an awareness and understanding of the loss of taste.
The results of our single blind study indicates that zinc is
beneficial in the treatment of patients with this disorder, al-
though the mechanism is not yet known. With the discovery of
this disease we have also demonstrated the first known pathology
of the taste bud and we have published the first high power
electron microscopic pictures of the normal histology and pathology

22 cS^f



Serial No. NHLI-1 12(c)

of the human taste bud

We have also devised a test system by which a model for the
role of salt intake in hypertension may be possible in rat and
in man

,

Olfaction . We have limited the role of vitamin A in olfaction
to one which involves RBP and vitamin A alcohol. We have sep-
arated the abnormalities of vision from olfaction in hepatitis
and this may lead to a clearer understanding of the role which
vitamin A alcohol plays in olfaction. We have also clarified
the interrelationship between olfactory function and gonadal
function in lower mammals. We have identified sweet as a pri-
mary olfactory stimulus.

Proposed Course of Project : 1. To clearly establish whether oir

not zinc is efficacious in the treatment of patients with idio-
pathic hypogeusia through the completion of a double blind study
of 108 patients with this disease.

i5'

2 . To establish whether or not there is an etiological role
for taste acuity for sodium in essential hypertension in man or
in SHRs

.

3 . To clearly identify the anatomical characteristics of
taste buds in fungiform, circumvallate and palatal papillae in
man and in vallate papillae in rat

.

4. To specify the anatomical abnormalities of taste buds in
patients with aglycogeusia and otpathological abnormalities of
taste

.

5 . To identify anatomically and physiologically the taste
receptor in Phormia regina and to perform initial biochemical
studies of specific binding of radioactive sugars to the receptor.

6. To define the interrelationship between RP and taste and
smell abnormalities. If these do exist we will undertake an
anatomical analysis of the taste receptor in patients with typical
and atypical RP

.

7. To complete the distribution of Taste Testing Kits to those
physicians in the U.S. who have requested them.
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ANNUAL REPORT OF THE

LABORATORY OF KIDNEY AND ELECTROLYTE METABOLISM
NATIONAL HEART AND LUNG INSTITUTE
July 1, 1970 through June 30, 1971

The Laboratory of Kidney and Electrolyte Metabolism is studying the

mechanism of water and electrolyte transport in the following tissues:

mammalian nephron, amphibian bladder, and the avian erythrocyte. In addition

experiments directed at elucidating the rate -controlling steps in cardiac

contractility and the cause of a hereditary cardiomyopathy in hamsters also

are in progress. This report will be concerned with the kidney, toad bladder
and cardiac muscle studies. Detailed summaries of the erythrocyte experiments
are included in the appended individual reports.

Mammalian nephron ;

A method for the perfusion of isolated segments of the rabbit nephron in

vitro was developed in this laboratory several years ago. This method permits
direct measurements of transport under rigidly controlled conditions across the

individual barriers of those epithelial cells responsible for the maintenance
of water and electrolyte balance in the living animal. The in vitro prepara-
tion has a number of advantages over current in vivo techniques. Difficulties
of interpretation of data attendant upon effects of the surrounding interstitial
space, unstirred layers, inadequate control of the composition of the extra-
cellular bathing fluid, etc. are avoided. The technique has proved useful
in elucidating the mechanism of action of antidiuretic hormone and its inter-
cellular mediator, cyclic 3' ,5 '-monophosphate in the cortical collecting
tubule of the rabbit. In addition it has been demonstrated that the path of
bulk water flow along an osmotic gradient in this tissue is both through and
between the cells. Antidiuretic hormone increases water permeability in the
nephron in a manner analogous to that in amphibian structures such as frog
skin and toad bladder. In the latter tissues the hormone increases net sodium
transport, an effect presumed to be secondary to a change in the passive
permeability of a limiting cell membrane to sodium, rather than a direct
stimulation of the transport pump. It has not been established that sodium
transport is accelerated by ADH in the kidney. Results based on in vivo
studies in the rat and other mammals are conflicting. We have noted that the
hormone increases the potential difference across the cortical collecting
tubule without altering transtubular electrical resistance. Although the
results may indicate that vasopressin accelerates net Na transport in the
kidney by a direct effect on the sodium pump, the conclusion cannot be
accepted as definitive without concurrent measurements of sodium flux. These
are at present in progress. In preliminary studies employing ^^Na as a marker
the unidirectional flux of Na from lumen to bath rose 10-20% following
addition of 25 jiU/ml of ADH to the bathing medium. Current studies are
directed at measuring backflux, i.e., from the bathing medium to lumen under
these circumstances to substantiate the tentative conclusions alluded to above.

Active transport of potassium from bath to lumen in exchange for reabsorbed
sodium occurs in the cortical collecting tubule. It is probable, though not
established, that the individual ions are transported through rather than
between the cells. The mass of transported ions contained in the cells in the
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course of transport is defined as the "transport pool." From ito size,

turnover rate and specific activity, the sites of ion transport and the trans-

port properties of the individual cell membranes can be defined definitively.

A method previously developed in this laboratory for the estimate of cellular

pools of paraminohippurate and glucose in the proximal tubule has been adapted

for the cortical collecting tubule to measure the K transport pool. Cellular

radioactivity is measured following addition of an appropriate isotope to

either side of the epithelium. In order to identify the fraction of the

intracellular radioactive IC"" contained in the transport pool as opposed to

that in other non-transport pools in the tissue, the tubule is first

perfused with a potassium- free solution. After the rate of net K secretion

reaches a steady state, isotope is added to the bathing fluid. The tubule

fluid is then sampled at frequent intervals until specific activity equilibrium

obtains. The tubule may be removed during the equilibration period at

specified times and the specific activity of the cells compared to the simul-

taneous specific activity of the secreted fluid in the lumen. If the specific

activity of cell and luminal fluid potassium is identical, all of the cellular

potassium must be resident in a transport pool. If not, other nontransport

pools may be present. These studies are currentlj^ in progress as x^ell as

others which involve examination of the effect o a variety of diuretic agents

on the transport processes in this portion of the nephron. With respect to

the latter, it has been established that acetazolamide, ethacrynic acid and

amiloride all alter the potential difference and electrical resistance and/or

the sodium flux in this tissue

.

The proximal tubule of the mammalian nephron reabsorbs 70-80% of the

glomerular filtrate under normal circumstances. This process is obviously of

considerable importance in the maintenance of hemostasis. Its mechanism is

the subject of intensive investigation in laboratories m this country and
abroad. It had generally been assumed that sodium is actively reabsorbed from
the lumen creating a favorable electrical gradient for the passive movement of
attendant anion, primarily chloride, out of the tubule fluid. A resultant
increase in osmotic pressure in an inaccessible third compartment either bet-ween

or closely adjacent to the blood surface of the epithelial cells is purported
to provide sufficient driving force for reabsorption of water. The isolated
proximal nephron transports an isosmotic salt solution from lumen to bath at
a rate similar to that reported in in vivo studies. The sodium concentration
of luminal fluid and that of the bulk bathing solution is unchanged during
this process as it is in vivo. Furthermore, as in the intact nephron,

interference with net water reabsorption by introduction of a poorly absorbable
osmotically active solute (raffinose) lowers luminal sodium concentration to a

limiting value approximately 30 mEq/L lower than its concentration in the

bathing solution, without changing the osmolality of either solution. Though
these results are consistent with tlie view that the primary driving force for

the reabsorptive process is active transport of sodium, this has been questioned
on the basis of in vivo results elsewhere. Crucial to an understanding of the

process are precise estimates of the electrochemical driving forces for the

individual ions, the individual conductivities and the permeability of the

cell membrane to water. Since no measurable chemical gradient for sodium
exists across the tubule wall under normal circumstances active sodium
transport coupled with passive chloride reabsorption requires an appropriately
oriented electrical gradient across the tissue. Initially a potential
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difference (20 mV lumen negative) was reported in vivo. In recent years,

however, this has been questioned and the observed potential attributed to

artifacts in part attendant upon incorrect positioning of the exploring elec-

trode in the tissue in vivo. The isolated tubule afforded a unique opportunity

to re-examine the question since it is unnecessary to introduce the exploring

electrode into the lumen by puncturing the epithelial wall. In contrast to

the in vivo studies the electrode may either be positioned directly in the

lumen through the open end of the tubule or placed in an appropriate bridge

in direct communication with lumen fluid. Furthermore virtually total

electrical insulation of both ends of the tubule has been achieved by a

technique developed in this laboratory which employs a liquid dielectric,

Sylgard 184;, applied to the tubule ends. Using this technique it has been

established that a potential difference of approximately 4.5 millivolts

(lumen negative) is established during sodium chloride transport, unequivocal

evidence of active sodium transport. Although the electrical gradient on the

basis of preliminary calculations and studies appears sufficient to account

for passive coupled chloride absorption further experiments are in progress

to establish this with certainty. These involve direct measurements of

chloride flux, potential difference and conductance under appropriate cir-

cumstances as well as transepithelial resistance.

Estimates of transepithelial resistance are also of considerable impor-

tance in determining the anatomical pathway for electrolyte movement

across the tissue, that is, whether it occurs through or between the cells as

is considered by many. The latter path would be the case were the trans-

epithelial resistance higher than the sum of the individual transmembrane

resistances (i.e. the transcellular resistance). Measurements of resistance

are extremely difficult in the intact nephron and interpretation of the

results requires multiple assumptions concerning the geometry of the tissue,

the properties of the individual barriers, all of which are subject to

considerable uncertainty. Many of these problems are obviated in the in vitro

preparation and thus far it has been established that the transepithelial

resistance is extremely low, consistent with the high permeability of the

tubule to sodium and chloride. Methods for measuring longitudinal resistance

of the epithelial cell as xrell as transcellular resistance of the serosal

membrane are presently being developed.

Toad Bladder ;

The toad bladder is a particularly useful model for examining the effects

of hormones and other agents on water and electrolyte transport across oriented

epithelial cells. It has been established in this laboratory that vasopressin

induces an increase in water permeability and sodium transport v^ich involves

the intermediacy of the intracellular nucleotide, cyclic-AMP. The mechanism
of action of cyclic-AMP on the processes of water and sodium transport is

unknown. Since the nucleotide has recently been shown to stimulate the

activity of a kinase which catalyzes the transfer of a labelled phosphate

from ATP to an appropriate protein substrate in a number of tissues including

toad bladder, it is likely that the isolation and characterization of a

membrane protein, the phosphorylation of which is influenced by cyclic-AMP

and/or hormone will afford important information with respect to the mechanism

of action of the hormone on water and electrolyte transport. Thus far we have
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confirtned that the toad bladder does in fact contain a cyclic-AMP sensitive

protein kinase which catalyzes the phosphorylation of histone but not of

protamine or phosvitin. No effect on the activity of the kinase by anti-

diuretic hormone has been observed, however. We are currently developing

methods for the isolation of toad bladder membrane fractions, separation of

pbosphorylated constituents within the membrane, in preparation for the studies

outlined above. In addition a method for the estimation of the intracellular

concentration of cyclic-AMP based on the binding of the nucleotide to a muscle

kinase, a method developed in the Laboratory of Biochemical Genetics, has

been successfully adapted for use in the toad bladder.

The current studies differ from earlier attempts in this laboratory and

elsewhere in which intact tissue had been employed in an attempt to elucidate

the mechanism of action of hormones. Pure epithelial cells devoid of sur-

rounding interstitial tissue and muscle, both of which complicate inter-

pretation of data, are now used. The cells are scraped from intact tissue

previously incubated in collagenase for a required period of time. These

cells respond raetabolically to vasopressin, aldosterone and other agents as

does the intact tissue. Thus ADH, for example, increases the oxidation of
I'^C labelled glucose and pyruvate in both preparations, evidence of the

viability of the tissue cells and their potential for experimental manipula-
tions. The preparation thus far has pemiitted a clear definition of the

mechanism of action of vasopressin, aldosterone, ouabain, an inhibitor of
sodium transport, and amiloride, a diuretic agent, on sodium transport in the

toad bladder. Cells and/or intact tissue are incubated with one of these
agents under conditions in which net sodium transport is altered. At appro-
priate intervals pure epithelial cell sheets are removed and analyzed for their
sodium content. In order to define the rate limiting step in transport
affected by the agent the following simplifying assumptions have been made:
the toad bladder epithelial cell is considered to be a three compartment
system; a mucosal solution from which sodium is transported into the cell,
a cell transport pool of sodium, and a serosal solution into which sodium is

transported. Changes in the size of the transport pool within the cell
coincident wich alterations in transport rate may be interpreted in terms of
a primary effect on sodium movement from mucosal solution to cell or from cell
to serosal solution. Thus if sodium transport is accelerated by a hormone as
a result of stimulation of a specific sodium pump on the blood surface of the
cell this will be associated with a decrease in the sodium content of the
tissue. Conversely, were transport to be accelerated primarily by increasing
the entry of sodium across the mucosal permeability barrier, cell sodium
content should increase. Analogous studies employing the intact tissue in
this laboratory and elsewhere have repeatedly been negative, presumably a
consequence of complications introduced by heterogeneity of the tissue. In
the present study, however, in vii ich pure epithelial cells were employed and
analyzed, both aldosterone and vasopressin significantly increased the sodium
content of the tissue, indicating that they must have induced a clvange in the
permeability of the mucosal barrier which facilitated entry of Na into the
cell. Ouabain, on the other hand, which decreases sodium transport in many
tissues by interfering with the putative sodium pump resulted in an expected
rise in cell sodium content. Finally, amiloride, a diuretic agent which
decreases sodium reabsorption in the intact kidney and lovrers net sodium
transport in the toad bladder, induced a significant fall in the sodium content
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clearly indicative of an effect of the agent on the permeability of the luminal
surface to sodium rather than to inhibition of sodium pump. Additional
studies directed at measuring changes in high energy phosphate donors and
acceptors in the cell were also performed. Although neither aldosterone nor
vasopressin altered the concentration of ATP in the epithelial cells at a

t-ime when sodium transport was accelerated, both agents resulted in a signifi-
cant decrease in the concentration of creatine phosphate and a rise in the

concentration of creatine. It has been concluded that acceleration of sodium
transport is the primary event and the changes in metabolism secondary, rather
than the converse as certain other investigators have suggested.

Other studies in this laboratory have defined the defect in cardiac
muscle function in hereditary cardiomyopathy of hamsters. These animals,
though devoid of evidence of heart disease at birth ultimately develop fatal
congestive heart failure characterized by peripheral edema and pulmonary and
hepatic congestion. Cardiac contractility in normal hamsters as in many
other species is dependent upon two complementary phenomena. The first, the
Bowditch phenomenon, is characterized by an augmentation in contractility at
high rates of stimulation (or heart rate); the other, the Woodworth, by
augmented contractility at low rates. Right ventricular muscle from hearts
of hamsters in frank failure do not possess the Bowditch phenomenon whereas
that from normal animals or those hamsters with the trait prior to development
of failure do. The absence of the Bowditch phenomenon is a consequence of a
disease-induced increase in the uptake of calcium from the bathing medium.
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Serial No. NHLI-113
1. Kidney & Electrolyte Metabolism
2. Renal Mechanisms
3. Bethesda, Maryland

PHS - NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Mechanism of salt and water transport by proximal
renal tubules.

Previous Serial No.: NHLI-168 and NHLI-169

Principal Investigators: Maurice B. Burg, M.D.
Jack Orloff, M.D.
Michael Lutz, M.D.
Dennis Waring, Ph.D.
Michael Horster, M.D.
Jean Cardinal, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: We devised a method for dissecting individual
renal tubules from rabbit kidneys, keeping them alive in vitro,
and measuring their function. This is an important advance over
previous methods in renal physiology (such as clearance and
micropuncture) since it permits the study of transport mechanisms
in a way not previously possible. At present we are using this
method to investigate the mechanism of salt and water transport
in the proximal renal tubule, a problem which had not been
elucidated by previous techniques despite considerable effort.

In our initial studies we found that the isolated perfused
proximal convoluted tubules continued to absorb fluid from the
lumen at an apparently normal rate, when bathed in rabbit seriom

and perfused with an ultrafiltrate of the serum (Burg, M.B. and
Orloff, J., Amer. J. Physiol. 47:2016, 1968). Na concentration
in the tubule fluid did not change during reabsorption under
these conditions, indicating isotonic transport, but did decrease
(by approximately 20%) when raffinose was included in the perfusate
to limit water absorption. The transport mechanism was not able
to lower Na concentration further because of the high Na perme-
ability (10~4 cm sec~l from isotope flux measurements) and
correspondingly low NaCl reflection coefficient (c^NaCl ~ '^"^^

(Kokko, J., Burg, M.B., and Orloff, J., J. Clin. Invest. 50:69,
1971) .
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The major ions reabsorbed from the proximal tubule lumen are
Na and CI. In order to determine whether they are actively
transported it is necessary to measure the electrical P.D. The
results given above concerning Na concentration and permeability
are in general agreement with those of micropuncture . This is
not true, however, of the measurement of P.D. Previous measure-
ments of electrical P.D. across the proximal tubule by
micropuncture v/ere conflicting. Values of both -20 and zero mV
were reported by different workers, and the conclusion regarding
ion transport mechanism depended on which number was chosen.
Across isolated perfused rabbit proximal tubules we measured the
electrical P.D. to be -4 mV (lumen negative) (Burg, M.B., and
Orloff, J., Amer. J. Physiol. 219:1714, 1970). When active ion
transport was eliminated by addition of ouabain the P.D. fell
promptly to zero.

Considering that the P.D. is negative in the lumen and that
Na reabsorption can take place both against a concentration and
electrical gradient, Na transport m.ust be active. CI transport
could be passive, driven by the negative luminal P.D. Evidence
concerning the mechanism of chloride transport in proximal renal
tubules, however, is also conflicting. Various investigators
have considered that chloride transport may involve (1) passive
reabsorption, (2) active reabsorption by a neutral pump mechanism
together with Na, and/or (3) active secretion as HCl . Preliminary
evidence from our laboratory favors (1) , but the further studies
listed below are required for proof.

These new experimental techniques are also being used to
investigate the following additional problems:

1. The pathway for salt transport through the proximal
tubule epithelium. At present the low electrical resistance and
high salt permeability of the tubule are generally attributed to
shunting of ions between the cells, although the supporting
evidence is meager (a preliminary report in Necturus tubules
several years ago) . We intend to determine the pathways in
rabbit proximal tubules by measuring transtubular and trans-
cellular electrical resistances.

2. Cell communications. It seems likely that the contents
of adjacent tubule cells may be in direct content through com-
munications between the cells (gap junctions) , This will be
tested directly by measuring the longitudinal electrical
resistance of the tubule wall.

3. The mechanism of action of diuretic drugs. It has been
difficult, using standard micropuncture and clearance methods, to
determine the mechanism of action of the various diuretics on
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specific segments of the kidney tubule. Indeed, it is still
unclear on which tubule segments some of the diuretics act. The
direct and controlled study of individual tubule segments by in
vitro perfusion should help answer these questions. Electrical
methods have been chosen for initial screening since they provide
information conveniently and rapidly as evidenced by their
successful application to other epithelial tissues. Ouabain, the
one drug previously tested, caused a rapid depolarization of the
P.D. in proximal tubules. The agents to be tested on the proximal
tubule are acetazolamide, theophylline, cyclic-AMP, ethacrynic
acid, furosemide, amiloride, mersalyl and hydrochlorothiazide.

4. Permeability to macromolecules . It has been reported
that relatively large molecules (MW > 500) permeate the proximal
tubules of rats and Necturi. We wish to see if this occurs in
isolated perfused rabbit proximal tubules, and if so, to define
the transport mechanism. This question is important since
simple passive permeability to such large molecules requires much
larger openings through the epithelium than had been previously
envisioned and would require re-evaluation of our concepts of the
structure of the epithelium. Permeability to macromoles (e.g.
proteins, dextrans , and other polysacchrides) will be measured
from radioactive isotope flux or relative osmotic efficiency
(reflection coefficient of Staveman)

.

5. Effect of protein on electrolyte transport in proximal
tubules. Peritubular protein concentration is purported to be a
major factor controlling the rate of electrolyte transport in
proximal tubules, and has been reported (by others) to affect the
rate of fluid absorption in isolated perfused rabbit proximal
convoluted tubules. We wish to confirm the latter observation
and to determine the mechanism involved. The effect of protein
in the bath on electrolyte transport will be determined by remov-
ing protein from serum (ultrafiltration) , replacing protein with
other colloids, or adding protein to a high concentration.

6. Measurement of electrochemical potential difference in
kidney tubules. Evaluation of the mechanism of ion transport in
epithelia requires precise measurement of both the flows (net ion
and water movement) and external forces (electrochemical P.D.'s).
When identical solutions bathe the two sides of the epithelivim
and there is no hydrostatic pressure difference, the external
force is in general equal to the electrical P.D. and is readily
measured. It is usually desirable, however, to vary the flows by
using non-identical solutions on the two sides of the epithelium,
which complicates the measurement of electrochemical P.D. Under
these conditions the electrical potential across the epitheliiom
cannot be evaluated without either eliminating or measuring the
liquid junction P.D.'s between non-identical solutions which are
in contact. The liquid junction P.D. can be more or less elimi-
nated by the use of bridges filled with concentrated KCl, and
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the residual uncertainty of a few millivolts is unimportant in
such tissues as nerve and muscle where the transmembrane P.D. and
resistance are high. In the proximal kidney tubule, hov/ever,
where the measui-ed P.D.'s are only a few mV this system is
unsatisfactory. The objective of the study is to develop satis-
factory methods for evaluating electrochemical P.D. across
proximal kidney tubules when non-identical solutions are used.

In order to resolve this pi-oblem we are attempting to evaluate
the liquid junction potentials more accurately. A more promising
approach, however, is to avoid the problem of liquid junction
potential entirely by the use of the equivalent of the physical
chemists' "cells without transference." This involves the pre-
paration of microelectrodes reversible to the specific ions
studied and the direct reading of the electrochemical P.D. between
two such electrodes, one in the tubule lumen and one in the bath.
Such electrodes reversible to CI and to K have been built and
tested by others using liquid ion exchangers. We are constructing
similar electrodes for use in isolated tubules.

Methods: The major methodological advances have been in
electrical measurements. Electrical methods are a powerful tool
for study of ion transport and widely used in muscle and nerve
physiology and for studying such epithelia as frog skin and toad
bladder. They have been relatively little used in kidney
physiology, however, because of the difficulty of applying them
in micropuncture . When we discovered that Sylgard 184 liquid
dielectric will electrically seal the ends of fragments of kidney
tubules, detailed electrical study of isolated kidney tubules
became possible. The initial studies were of electrical P.D.
(Burg, M.B., et al Amer. J. Physiol. 215:788, 1968 and Burg, M.B.
and Orloff, J. Amer. J. Physiol. 219:1714, 1970). Electrical
resistance was first measured in the cortical collecting tubule
(Helman, S., et al Amer. J. Physiol., in press). Measurement of
transepithelial electrical resistance in proximal tubules had
been a more difficult problem because of their fragility and
because their low resistance and short space constant made it
necessary to isolate extremely short lengths (approximately 200y)

.

In the new method which we have developed the electrical resistance
is measured via the perfusion pipet in the tubule lumen, passing
direct current through a platinum coating on the surface of the
pipet and recording P.D. through the lumen of the pipet. Sylgard
184 is used to insulate the ends of the short length of tubule.
The P.D. is also measured at the other end of the tubule. The
resistance is calculated using cable theory, from the increment
in electrical P.D. at the ends of the tubule associated with the
electrical current.

In order to determine electrically whether there are ion
shunts between the cells it is necessar^^ also to measure the
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transcellular resistance in order to see if this is higher than
the transepithelial resistance, as it would be if there is an
electrical leak between the cells. Transcellular P.D. and
resistance can be measured using a single micropipet inserted
into a cell from its luminal surface. This pipet is advanced
into the tubule lumen by mounting it coaxially within the per-
fusion pipet. In principle P.D. and resistance can be measured
simultaneously by using a bridge circuit to pass current through
the single pipet. In a preliminary study a stable transcellular
P.D. (approximately -50 mV) was found using this method, which
indicates its feasibility.

Longitudinal resistance of the tubule wall was determined in
non-perfused tubules . Direct current was passed through a segment
of tubule immersed in either Sylgard 184 (liquid dielectric for
electrical insulation) or seriom and the resistance measured using
a bridge circuit.

Major Findings:

1. Transepithelial resistance in the proximal tubule was
approximately 7 ohm cm^, a low value consistent with the high
permeability of the tubule. Changes in NaCl concentration in the
bath (replacement with non-electrolyte) caused a proportionate
change in transepithelial conductance, indicating that much or
all of the electrical current is carried through the tubule wall
by Na and CI.

2. The relative conductance of CI vs. Na (i.e. its transport
or transference number across the membrane) was determined
potentiometrically . When NaCl concentration in the lumen was
lowered by replacement with raffinose, the diffusion potential
which developed was small, indicating approximately equal Na and
CI conductance

.

3. The absolute CI conductance (CI transport number divided
by total electrical resistance) is sufficiently large so that
the CI absorption can be accounted for by passive transport along
the measured electrical gradient (-4 mV) . However, the data are
not sufficiently precise to rule out some active CI transport.
In order to investigate this possibility chloride transport will
be measured while varying the chloride concentration difference
across the tubule such that both secretion and absorption occur
in different experiments. From the measured chloride electro-
chemical P.D. under these conditions it will be possible to
calculate an independent value for chloride conductance and also
to determine more precisely whether there is active chloride
transport or not.

4. Longitudinal resistance of the tubule epithelium of
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tubules itumersed in Sylgard was approximately 10 ^ ohm cm and
was identical whether or not the tubule liomen was filled with
Svlgard indicating that the current was passing through the
tissue itself. V!he.n the ends of the tubule were in Sylgard and
a short central segment (approximately lOOy) was in serum (which

was electrically grounded) there was no transmission of the P.D.
from one Sylgard enclosed end to the other through the portion
immersed in serum.. This indicates a relatively low electrical
resistance at the boundaries of the epithelium, possibly corres-
ponding to the low transepithelial resistance. Further studies,
including m.easurement of transcellular resistance, are required
to distinguish v;hether the low boundary resistance is in the cell
memibranes or between cells.

Proposed Course of Project: Listed above in reference to the
different areas studied.

Honors and Awards: None

Publications: Burg, M.B. and Orloff, J. Electrical potential
difference across proximal convoluted tubules. Ari,

J. Physiol. 219:1714-1716, 1970.

Kokko, J. P., Burg, M.E. and Orloff, J. Charac-
teristics of NaCl and water transport in the renal
proximal tubule. J. Clin. Invest. 50:69-76, 1971.
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1 . Kidney & Electrolyte "Metabolism
2. Renal Mechanisms
3. Bethesda, Maryland

PHS - NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Study of ion transport in renal cortical
collecting tubules.

Previous Serial No.: NHI-192 and NHI-193 (Annual Report dated
July 1, 1968 through June 30, 1969)

Principal Investigators: Maurice B. Burg, M.D.
Jack Orloff, M.D.
Gustavo Frindt, M.D.
Larry Stoner, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives:

1. The technique of perfusion of isolated renal tubules
in vitro, which we developed, has proved especially useful for
elucidating the mechanism of action of the antidiuretic hormone
(ADH) in rabbit cortical collecting tubules (Grantham et al

,

Am. J. Physiol. 211:255, 1966; Ganote , et al , J. Cell Biol. 36:
355, 1968; Grantham, J.J. and Orloff, J., J. Clin. Invest.
47:1154, 1968; Grantham et al, J. Cell Biol. 41:562, 1969).
Most of these studies were concerned with the mechanism by which
ADH increases water permeability in the kidney tissue. ADH also
has a second effect in frog skin and toad bladder, namely it
increases Na transport. Whether it has a similar effect in kidney
t\abules is uncertain. Conflicting results have been reported in
clearance studies. In the single micropuncture study reported,
ADH increased Na permeability in the papillary collecting duct,
but had had no effect on Na transport per se.

Previous results in this laboratory indicated that ADH
transiently increased electrical P.D. in cortical collecting
tubules (Burg et al , Am. J. Physiol. 215:788, 1968) without any
change in electrical resistance (Helman, et al , Am. J. Physiol.,
in press) . This is consistent with an increase of active Na
transport, but provides only indirect evidence. One objective of
the present project is to test directly the effect of vasopressin
on Na transport in the cortical collecting tubule.
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2. We previously measured Na and K transport in cortical
collecting tubules and established that Na is absorbed from the
lumen and K secreted into the lumen, both by an active transport
process (Grantham et al , J. Clin. Invest. 48:1915, 1970). These
ions are most likely transported through the tubule cells. The
mass of transported ion transiently contained in the cells in
the course of transport is the "transport pool." From the size,
turnover rate, and specific activity of the pool the cellular
sites of ion transport can be identified, the transport properties
of the individual cell membranes defined, and the effects of drugs
and ho2rmones on the latter elucidated. We are now attempting to
measure ion transport pools, beginning with the K transport pool
in cortical collecting tubule cells.

3. We are also studying the effect of various diuretic
drugs on ion transport in this segment, since the site and
mechanism of their action was previously poorly understood.

Methods: ADH effect : electrical P.D. was measured in order
to detect whether added vasopressin v/as having an effect. Na
transport was estimated from the unidirectional flux of ^^Na from
lumen to bath. Albumin--'-2^I flux from lumen to bath was also
measured, in order to detect damaged tubules with non-specific
leaks

.

Transport pools : The method previously developed in this
laboratory for measurement of cellular transport pools of
p-aminohippurate (Tune, B.M. and Burg, M.B., Am. J. Physiol. 217:
1057, 1969), and glucose (Tune, B.M. and Burg, M.B., Am. J.
Physiol., submitted for publication) in proximal tubules will be
adapted to study ions in collecting tubules. In this method
cellular radioactivity (e.g. '^^K) is measured following addition
of radioisotopes of the transported siobstances to either side of
the epithelium. The principal problem, initially, is to identify
what fraction of the ^2k radioactivity is contained in the
transport pool, as opposed to possible other non-transport pools
in the tissue. In order to identify the transport pool the
tubule is perfused with a K-free solution. After a steady state
of K secretion into the lumen is reached, 42k is added to the
bath and tubule fluid sampled at 1-2 minute intervals, ing
the increase of K specific activity. The tubule is removed
during the transient and specific activity of K in the cells com-
pared to simultaneous luminal K specific activity. If the
specific activity of cell and tubule fluid K is identical, all
of the cell K is in the transport pool. If not, other non-
transport K pools are present.

Major Findings: ^^^

1. Na isotope flux from lumen to bath and K isotope flux
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-12 -2
from bath to lumen are low (approximately 500 x 10 M cm
sec~l) consistent with the low rates of net Na and K transport
previously measured and the high electrical resistance of this
tissue

.

2. In most experiments addition of ADH (25 yU/ml) caused a
small (approximately 10 to 20%) increase in sodium flux from
lumen to bath, consistent with an increase in active Na transport.
We are presently measuring the effect of ADH on the back flux of
Na (bath to lumen) in order to substantiate this conclusion.

3. Acetazolomide , ethacrynic acid and amiloride, the first
drugs tested in collecting tubules, all caused changes in P.D.,
electrical resistance, and/or Na flux, indicating that it will be
possible to determine the mechanism of their action in this tissue,

42
4. When K was added to the bath during the steady state of

K secretion, there was a gradual increase in specific activity of
K in the lumen over several minutes. The delay in achievement of
specific activity equilibrium is due to mixing with the cell K
transport pool and indicates the feasibility of measuring the
transport pool with this technique.

Proposed Course of Project:

1. To measure Na as well as K transport pool in this and
other tubule segments

.

2

.

To pretreat rabbits with high and low Na and K diets and
with DOCA prior to study in order to investigate the phenomenon
of "adaptation" to K (i.e. why more of a K load is excreted by
the kidney when K intake is high) and the mechanism of action of
the adrenal mineralocorticoids on the renal tubule

.

3. To voltage clamp collecting tubules at different P.D.'s
in order to determine the relationship between P.D. and Na and K

transport.

Honors and Awards : None

Publications: Grantham, J.J., Maurice B. Burg and Jack Orloff.
The nature of transtubular Na and K transport in
isolated rabbit renal collecting tubules. J. Clin.
Invest. 49:1815-1826, 1970.

Helman, S.I., J. J. Grantham, and M. B. Burg.
Effect of vasopressin on electrical resistance of

renal cortical collecting tubules. Am. J. Physiol.
(In press)

.
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1. Lab. Kidney & Elec . Metabolism
2. Electrolyte Transport
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: A study of the mechanism of stimulation of sodium transport

by vasopressin and by aldosterone by determining their effect

on the electrolyte content and energy metabolism of the

epithelial cells of the toad urinary bladder

Previous Serial Number: None

Principal Investigators: Joseph Handler, M.D.
Jack Orlcff, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: Vasopressin and aldosterone increase the rate of active
sodium transport by the toad urinary bladder. Experimental studies intended
to define the rate limiting step in transport that is accelerated by each
hormone have usually made the reasonable and simplifying assumption that
the toad bladder epithelial cells can be considered as a three compartment
system, a mucosal solution from which sodium is transported, a cell transport
pool of sodium, and a serosal solution into which sodium is transported.
Changes in the size of the cell transport pool coincident with changes in
the transport rate can be interpreted in terms of an effect on sodium
movement from mucosal solution to cell or from cell to serosal solution.
Although numerous experiments have been performed, none has been successful.
In large part, earlier experimental design and interpretation have been
handicapped by the heterogeneous nature of the toad bladder, which consists
of a single layer of transporting cells supported on a much thicker layer
of connective tissue, blood vessels and smooth muscle bundles. In this study,
a technique for the preparation of epithelial cells free of supporting
tissue is developed and used to identify the cell surface at which the rate
limiting step affected by aldosterone and vasopressin is located. In addition,
the transporting cells are examined for an effect of the hormones on the
concentration of certain high energy compounds in order to clarify the
relationship between metabolic energy utilization and sodium transport.

Methods Employed: In paired experiments epithelial cells are scraped
off intact collagenase treated bladders and incubated with no addition
(control) or with vasopressin or aldosterone or an inhibitor of transport,
amiloride, or ouabain. The viability of the cells and their responsiveness
to the hormones or inhibitors is verified by measuring the rate of oxidation
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of ^"^C labelled glucose or pyruvate. Cells are collected for measurement of

electrolytes by centrifuging the cells at a time corresponding to a steady

state stimulation or inhibition of sodium transport. ^^C-inulin is used to

estimate extracellular water. Cells are collected for measurement of labile

high energy compounds by freezing in liquid nitrogen. The compounds are I

extracted into perchloric acid and assayed using highly sensitive fluorometric

techniques

•

Major Findings: The oxidative metabolism of the epithelial cells is

affected by vasopressin, aldosterone, amiloride, and ouabain as expected from

the effects of these agents on sodium transport and on the oxidative metabolism

of the intact bladder. Vasopressin and aldosterone, at a time when they

stimulate sodium transport, each increase the sodium content of the cells.

At a time when they inhibit sodium transport, ouabain causes an increase in

the sodium content of the cells and amiloride a decrease. These results

are interpreted as indicating that each hormone stimulates sodium transport

by increasing the rate at which sodium enters the cell from the mucosal

solution. Ouabain inhibits the movement of sodium from the cell to the

serosal solution, and amiloride inhibits the movement of sodium from the

mucosal solution into the cell. Aldosterone and vasopressin do not change

the ATP level in cells significantly, but each hormone causes a marked fall

in the concentration of phosphocreatine . This effect is interpreted as

indicating that each hormone primarily stimulates sodium transport, the

increase in metabolism occurring secondarily.

Proposed Course of Project: Project is completed.

Honors and Awards: None

Publications: None

'A9f



Serial No. NHLI-116
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PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: A study of the effect of vasopressin and certain other

hormones and drugs on the concentration of adenosine 3',5'-

monophosphate in the epithelial cells of the toad urinary

bladder

Previous Serial Number:

Principal Investigators: Jeffrey Stoff, M.D.
Joseph Handler, M.D.
Jack Orloff, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: A considerable amount of evidence has been gathered in this

laboratory indicating that an early step in the action of vasopressin on

mammalian kidney and toad urinary bladder is stimulation of the enzyme adenyl

cj'clase, resulting in increased production of adenosine 3' ,5 '-monophosphate

(cyclic-AMP) and that the ensuing accumulation of cyclic-AMP within the cell

elicits the permeability and transport changes characteristic of the effect

of the hormone. In previous studies the concentration of cyclic-AMP in the

toad urinary bladder was measured in the intact bladder v^ich is a hetero-
geneous tissue composed of smooth muscle, blood vessels, and mesothelial
cells, as well as the epithelial cells that determine permeability and
respond to vasopressin. In this study, the epithelial cells will be isolated
and their content of cyclic-AMP measured, utilizing a new and sensitive
technique. In addition, the effect of a number of other hormones and certain
drugs which modify the response to vasopressin will be examined for their

effect on the cyclic-AMP content of the epithelial cells.

Methods Employed: Preliminary experiments indicate that reproducible
results are obtained by incubating the intact bladder with vasopressin and
then rapidly scraping off the mucosal epithelial cells with the edge of a

glass microscope slide. The cells are quickly frozen in liquid nitrogen and
extracted in trichloracetic acid containing tracer amounts of tritium labelled
cyclic-AMP for measurement of recovery which is usually 60 to 757o . The

trichloroacetic acid is removed by cation exchange chromatography and the

samples lyophilized and taken up in a small volume of water. C^yalic-AMP is

measured using the method of Oilman, which depends upon displacement of
radioactive cyclic-AMP from high affinity binding sites on an enzyme isolated

* 1
•
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from beef muscle. The specificity and sensitivity of the assay are suitable
for the purposes of this study, permitting accurate measurement of picogram
quantities of cyclic -AMP.

Major Findings: Depending upon conditions prior to separation, the
epithelial cells contain 5 to 20 picomoles per milligram of protein (about
2 X 10"6 moles per liter of cell water) • Fifteen minutes of incubation with
vasopressin causes an increase of approximately 507= over the concentration
in paired control tissue.

Proposed Course of Project: The time course for the effect of vasopressin
will be established as well as a concentration that elicits a reproducible
submaximal response. Experiments will then be designed to establish directly
the effects on cell cyclic-AMP levels of such agents as prostaglandins,
catecholamines, adrenal steroid hormones, and chlorpropamide, which have been
shown to alter the permeability and transport response to vasopressin.

Honors and Awards: None

Publications: None
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.

Electrolyte Transport

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: A study of cyclic-AMP dependent protein kinase in the toad

urinary bladder

Previous Serial Number: None

Principal Investigators: Rodney Omachi, M.D.
Joseph Handler, M.D.
Jack Orloff, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: Previous v7ork in this laboratory has established the thesis
that vasopressin alters the permeability and transport properties of the

toad urinary bladder by stimulation of the production, and thus the accumula-
tion within the responsive cells of adenosine 3' ,5 '-monophosphate (cyclic-AMP),
Recent repbrts have described the presence in many animal tissues of a cyclic-
AMP dependent enzyme, a protein kinase that catalyzes the phosphorylation of
certain proteins, using the 7-phosphate of ATP as phosphate donor. In some
tissues in which the phosphorylated protein is an enzyme, it has been shown
that the activity of the enzyme is markedly altered by phosphorylation and
that this change in activity can explain some of the physiological changes
that are evoked in the tissue by the hormone. This study is intended to

characterize cyclic-AMP dependent protein kinase activity in the toad urinary
bladder so that its activity can be assayed after experimental manipulation
of the bladder, and to identify the protein substrate(s) for the enzjmie in
the tissue. Presumably the protein substrate(s) for the enzyme has a key role
in the permeability and transport response to vasopressin.

Methods Employed: Epithelial cells (the vasopressin sensitive portion
of the toad urinary bladder) are scraped from collagenase treated bladders.
After exposure to vasopressin the cells and paired control tissue are frozen
and ground to a fine powder in liquid nitrogen, transferred to phosphate
or Tris buffered extraction solution and gently homogenized with a glass
homogenizer. Activity is assayed in various centrifugal fractions by
incubation with p32-y-ATP, ± protein substrate, ± cyclic-AMP. The reaction
is terminated by adding cold 87o trichloroacetic acid and the phosphorylated
protein trapped and then washed on a millipore filter. P^^ on the filter
is determined with liquid scintillation counting.
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Major Findings: Protein kinase activity is present in the 20,000 x G

particulate fraction and the 20,000 x G and 100,000 x G supernatant fractions.

Cyciic-Al'lP stimulates activity two to four times when histone is the substrate,

fhere is little or no stimulation by cyclic-AMP when casein, protamine, or

phosvitin are used as substrate, although these proteins are phosphorylated

.

Although cells incubated with vasopressin for 5 to 30 minutes are known to

respond to the hormone, extracts from these cells have the same cyclic-AMP

independent and dependent protein kinase activity as extracts from paired

control cells. Aldosterone which enhances the response of the toad bladder

to cyclic-AMP, is also xd.thout effect on cyclic-AMP dependent or independent

protein kinase activity.

Proposed Course of Project: Recent reports indicate that the effect of

cyclic-AMP on protein kinase activity is rapidly reversible. This may explain

the similarity of the activity found in extracts prepared from vasopressin
and control tissues, and this approach will not be pursued further. Cyclic-

AMP dependent protein kinase of high specific activity will be prepared from
toad bladder epithelial cells using techniques that have been successful in
other tissues. Proteins and other materials from the epithelial cells that
are phosphorylated by the enzyme in the presence of cyclic-AMP will be
isolated and characterized.

Honors and Awards: None

Publications: None
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3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: A study of the effect of prostaglandin E]^ and 7-oxa-13-
prostynoic acid on the sodium transport and permeability
properties of the toad urinary bladder

Previous Serial Number: None

Principal Investigators: William C. Albert, M.D.
Joseph S. Handler, M.D.
Jack Orloff, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: The response of the urinary bladder of the toad to

vasopressin is characterized by an increase in the rate of active sodium
transport and by an increase in permeability to water. Vasopressin
elicits this response by stimulating the formation and thus the intra-
cellular accumulation of cyclic-AMP. Prostaglandins are naturally
occurring fatty acids that in low concentrations have been shown to have
a variety of effects in many tissues. Previous studies in this laboratory
indicated that prostaglandin Ei (PGEi) inhibits the water permeability
response of the toad bladder to vasopressin but not the water permeability
response to cyclic-AMP, an effect interpreted as inhibition of the effect
of vasopressin on adenyl cyclase, the enzyme that catalyzes the formation
of cyclic-AMP. Other laboratories have confirmed these observations while
observing no effect of PGEi on the sodium transport response to vasopressin.
This XTOuld imply that there are two different vasopressin-responsive
adenyl cyclase systems in the toad bladder, only one (that associated with
the water permeability response) sensitive to the inhibitory effects of
PGEjL* This study is intended to explore the effect of prostaglandins
on the stimulation of sodium transport by the bladder and to test the
effect of 7-oxa-13-prostyTioic acid, a newly synthesized analog of prosta-
glandin that has been reported to be a competitive inhibitor of PGE-j^ in the
ovary and in smooth muscle.

Methods Employed: Sodium transport is measured by the short-circuit
current technique and water permeability by measuring the rate^ water
flow from a dilute solution bathing the mucosal surface to Ringer's
solution bathing the serosal surface of the bladder. Experiments are
designed to use paired tissue from the same toad.
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Major Findings: 10"° M PGEi frequently stimulatE s sodium transport
slightly. Despite this stimulatory effect, PGE]^ inhibits the submaximal
stimulation of sodium transport elicited by low concentrations of vasopressin,
and has no effect on comparable stimulation of sodium transport by cyclic-AMP.
A similar pattern of inhibition of the submaximal water permeability response
to vasopressin and no inhibition of the response to cyclic-AMP was again
obtained. Thus, these studies do not support the suggestion that only the
adenyl cyclase mediating the water permeability response to vasopressin is
inhibited by PGE]^. 7-oxa-prostynoic acid inhibits sodium transport in the
concentration (10"^M) used by others to study its effects on intact tissues.
8 X 10~7 M 7-oxa-13-prostynoic acid, a concentration that does not alter the
sodium transport rate, does not alter the inhibitory effect on the
sodium transport or water permeability response to vasopressin of a

300-fold lower concentration of PGE]^, indicating that it is probably not a

competitive inhibitor of PGE^ in this preparation. The effect of higher
concentrations of 7-oxa-13-pro£tynoic acid on sodium transport by the

bladder raises the possibility that the inhibitory effect on the response
to PGE^ observed in other tissues is non-specific.

Proposed Course of Project: The effect of PGE]^ on the concentration of
cyclic-AMP in the epithelial cells of the toad bladder will be measured as
well as its effect on the changes in cell cyclic-AMP levels elicited by
vasopressin.

Honors and Awards: None

Publications: None
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1. Kidney & Electrolyte Metabolism
2. Electrolyte Metabolism
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PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Volume regulation in duck erythrocytes

Previous Serial Number: NHLI-176

Principal Investigator: Floyd M. Kregenow , M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: Previous studies in this laboratory have shown that duck

erythrocytes are capable of returning to their original volume in a hjrpotonic

medium after first swelling. This capability requires that duck erythrocytes
possess a "volume controlling mechanism" that is sensitive to some cellular
parameter associated with cell size. The previous annual report (1970) also
indicated that duck erythrocytes can regulate their volume in hypertonic
medium after first shrinking. Although this response had not been characterized
completely, it was apparent that it also required a

"volume controlling
mechanism ."

(I) The cellular changes and the nature of the membrane events
associated with the volume adjustment in hypertonic media were first conqiared
to those in hypotonic media. This analysis facilitated a comparison of the
operation of the "volume controlling mechanism" in two separate environments
during which markedly different changes in cellular content developed. The
changes in cell volume in an isotonic medium, induced by the addition or
removal of norepinephrine (See Annual Report, 1969), were then examined to
determine whether a similar mechanism was operative here.

(II) This comparison involved the use of Ouabain, a cardiac glycoside,
which specifically inhibits the Na-K exchange pump mechanism in mammalian
erythrocytes and is known to inhibit the active transport of Na and K in duck
erythrocytes. This agent was used to determine whether the "volume controlling
mechanism" and the classical Na-K exchange pump mechanism were interrelated.

(III) A calculation of the quantity of electrolytes and H2O lost during
the volume regulatory phase (previously called the osmoregulatory phase) in
hypotonic media supported the concept that the changes in cell size were
the result ot a nearly isosmotic adjustment in cell water. A similar cal-
culation during the hypertonic volume regulatory phase, however, failed to
support this concept as the quantity of electrolyte gained was in excess of
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the quantity required for amount of water accumulated. A direct attempt was

therefore made to establish whether the changes in cell size brought about

by the "volume controlling mechanism" were examples of "isosmotic intra-

cellular regulation". The activity of water in the intracellular and extra-

cellular phase was compared before, during, and after the adjustments in

cell size by noting the melting point of a microscopic aliquot of cells and
medium.

(IV) Several cellular components were examined during the adjustments in
cell volume to establish which cellular parameter was regulating cell size by
controlling the activity of the "volume controlling mechanism ,"

Major Findings: lA. As reported previously (Annual Report, 1970) the

response of duck erythrocytes in hj'pertonic media can be divided into two

phases; an initial rapid phase of osmotic shrinkage and a more prolonged
volume regulatory phase in which the cells swell until they reach a new
steady state volume. The hormone, norepinephrine, need not be present in the
bathing medium, as was originally thought, for the readjustment in cell
volume to occur. Under optimal conditions, duck erythrocytes incubated in a

hypertonic solution without norepinephrine and with 10"^ M propranolol, a

potent inhibitor of the norepinephrine response, swell after first shrinking
and approach their lower steady state, isotonic volume. Optimal conditions
include an increase in the [kJo from a "normal" value of 2.5 mM/L to 15 mM/L
and a hypertonic solution whose osmolality does not exceed the osmolality
of an isosmotic solution by more than 110 mosmoles . In contrast there are no
extracellular limitations to volume adjustment in hypotonic media other than
a bathing medium so dilute that hemolysis occurs. Provided optimal
conditions are present, an increase in the tonicity of the bathing medium
initiates a response which is just sufficient to return the cell to its
original volume. At a given tonicity the relationship between an increase in
the extracellular potassium concentration and the increase in cell volume is
a gradual one, increasing from a [k]o of 2.5 in mM/L to a value of 15 mM/L,
where a maximal response is obtained. The increase in cell volume is always
accompanied by a gain in KCl which is more than sufficient to explain the
changes in cell volume if the cells remain in osmotic equilibrium with their
environment. There is also a much smaller initial gain in Na content followed
by a decrease but not to original levels. The changes in Na and K are initially
associated with a 5-10-fold increase in Na and K influx and Na24 and K'^2 loss
from the cells. The fluxes return toward normal as the cells swell and reach
their original volume. The increase in Na permeability is largely ouabain
insensitive as is the increase in K permeability. The generalized increase
in permeability is associated with the active accumulation of potassium (the
gain in potassium occurs against an electrochemical gradient) . If duck red
cells are incubated in a hypertonic solution under conditions where they
remain shrunken (LK]o =2.5 mM/L), the same generalized increase in perme-
ability develops which, however, persists and is not associated with the active
accumulation of potassium.

The marked similarity between the cellular and membrane changes reported
here and those seen previously when cells are stimulated in an isotonic medium
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by the hormone norepinephrine (See Annual Report, 1970) is interpreted as

indicating that an identical "volume controlling mechanism" produces the latter
response. Tiiis is taken as evidence that the "volume controlling mechanism"

can also regulate cell size in an isotonic medium under appropriate circum-

stances. The similarities between the action of norepinephrine and
hypertonicity suggest that both pertubations produce an identical cellular
change (the norepinephrine effect is presumably mediated through cyclic-^^MF)

which in turn initiates the regulatory mechanism. An laternative explanation
is that hypertonicity can regulate adenyl cyclase activity. The marked
dissimilarities between the cellular and membrane changes during the hypertonic
and hypotonic volume regulatory phase is interpreted as indicating the effector
portion of the "volume controlling mechanism" is different in the two responses.
No hypothesis can yet be presented to explain all of the changes during the

hypertonic volume regulatory phase. There are numerous parallels however on
the one hand, between "facilitated diffusion" of organic solutes and the

translocation of potassium at a [KIq of 2.5 mM/L and on the other hand besides
the obvious idfficulty of applying the "pi.mip-leak" hypothesis to each,

IB. Hie response of enlarged duck erythrocytes (which had been incubated
in an isotonic bathing medium with a LK"'o °^ ^^ niM/L and 10"^ M/L of
norepinephrine) was followed once the factors responsible for the cell
enlargement (an elevated [KIq and norepinephrine) were removed. Experimentally
this was accomplished by washing norepinephrine treated enlarged cells in an
ice-cold, norepinephrine -free isotonic solution ([kIq =2.5 mM/L) and then
incubating them for 90 minutes in a solution identical to the wash solution,
but with 10"^ M Inderol. Cells treated in this fashion shrunk rapidly and
approached the lower steady state isotonic volume within 90 minutes. This
response is identical to that seen during the I..3T)otonic volume regulatory
phase and is comparable to the response of cells in a hypotonic solution of
approximately 240 mosmoles . Potassium and chloride are the major electrolytes
lost during the response. This loss is sufficient to explain the changes in
cell size if the cells remain in osmotic equilibrium with their environment.
The alteration in cellular K content is associated with a large transient
increase in K efflux and either no or a slight change in K influx. Raising
the I KHq of an isotonic solution to 107 mM/L prevents the cells from shrinking.
Initially prevention is associated with an enormous increase in K influx and
either no or a slight change in the already accentuated increase in K efflux.

ITie marked similarity between the cellular and membrane changes seen
during the hypotonic volume regulatory phase and those reported here is
interpreted as indicating that an identical "volume controlling mechanism"

produces the latter response. This is taken as further evidence that the
"volume controlling mechanism" can regulate cell size in an isotonic medium.
It also supports the concept that the changes in cell size respond to differ-
ences in a cellular parameter rather than an extracellular factor. The changes
in cell potassium and permeability reported here, like those that occur during
the hjrpotonic volume regulatory phase can be explained best by jiostulating
that there is a transient increase in the diffusional pathways for potassium.

II. Ouabain at a concentration of 10 "-^ or 10"^+ does not significantly
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alter the volume of control cells nor the changes in cell volume that develop
during either the hypotonic (1) or hypertonic (2) volume regulatory phase or
upon the addition (3) or removal (4) (See Section lA) of norepinephrine from
an isotonic medium. During the 90-minute incubation period, during which
these experiments were performed, ouabain does alter the Na and K content
in each group of cells. In (1) and (4) the gain in Na (-6 mM) and loss of K
(-6 mM) is not significantly different from that of control cells. The
ouabain induced changes in the cation content of norepinephrine treated cells

(3) has been reported previously (Annual Report, 1970) . In a 435 mosmolar
hypertonic solution (4) the cells gain approximately 12 mM Na and lose approxi-
mately 12 mM K.

These findings indicate that the "volume controlling mechanism" can
operate independently of the classical Na and K exchange pump mechanism - at
least in the sense that the changes in cell volume produced by the former are
unimpaired when the latter is inhibited. The changes in the Na and K content
of ouabain treated cells in (4) indicate that in this condition the Na and K
exchange mechanism operates normally more rapid than usual to convert a gain
in cell Na to one in potassium. In the presence of ouabain, the "volume
controlling mechanism" simply utilizes NaCl instead of KCl as the major
intracellular osmotic substance.

III. The melting point of a microscopic aliquot of medium and hemolyzed
frozen-thawed cells was analyzed on a nanoliter osmometer. Within the error
of the measurement (3-5 mosmoles) , the osmolality of the medium and cells
remained identical, before, during, and after the changes in cell size that
develop in all four of the experimental conditions described in Section II.

These findings indicate that duck erythrocytes are at osmotic equilibrium
with their environment normally and as they vary their volume in all four
experimental conditions. Volume adjustments under these circumstances are
therefore, by direct analysis, examples of "isosmotic intracellular regulation"
and comparable to the kind of cellular adaption seen more commonly in inverte-
brate animal cells.

IV. Measurements of either Na, K and total Na and K content and concen-
tration or cellular osmolality as the cells shrink or swell, indicate that in
the four experimental conditions described in Section II, none of these factors
could serve as the required cellular parameter. They either fail to vary or
vary so much during the changes in cell size that they lack the necessary con-
sistency required of this factor.

Significance to Biomedical Research and the Program of the Institute:
Cell size is an intrinsic property of all animal cells. Since it has been
established that most animal cells are at osmotic equilibrium with their
environment and contain 70-90% water, the major portion of cell size is deter-
mined by factors which control the solute content of the cell. The extent to

which a mechanism identical to the one in the duck erythrocyte controls the

solute content and size of other cells will determine the major significance
of the present work. If an identical mechanism is present in other cells,
most disciplines in biology would have an overlapping interest in this

mechanism.
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Proposed Course of Project:

1. To establish the presence of the volume controlling mechanism in

marimalian and non -mamma li an erythrocyte ghost preparation.

2. To attempt to isolate the membrane elements responsible for volume

regulation in the duck erythrocyte. This study would require the use of an

electron microscope.

3. To examine the relationship between extracellular sodium and the

cell swelling induced by a hypertonic solution or norepinephrine, especially
as this relationship relates to amino acid transport.

Honors and Awards: None

Publications: Riddick, D. H., Kregenow, F. M. and Orloff, J.: The effect
of norepinephrine and dibutyryl cyclic-AMP on cation transport
in duck erythrocytes. J. Gen. Physiol . (In press).

Kregenow, Floyd M.: The response of duck erythrocytes to non-
hemolytic hypo -osmotic media - evidence for a volume -controlling
mechanism. J. Gen. Physiol . (Accepted for publication)

.

Kregenow, Floyd M..: The response of duck erythrocytes to
hj^jerosmotic media - further evidence for a volume -controlling
mechanism. J. Gen. Physiol . (Accepted for publication)

.
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Serial No. NHLI-120
1. Lab. Kidney & Elec. Metabolism
2. Exp. Cardiovascular Diseases
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Immunochemical comparison of cardioglobulin and rat muscle
E-C coupling complex

Previous Serial Number: NHLI-177

Principal Investigator: Stephen Hajdu, M.D.

Other Investigators: Edward J. Leonard, M.D.

Cooperating Units: None

Project Description:

Objectives: To determine whether there is any chemical relationship
between rat cardioglobulin-C and rat skeletal muscle excitation-contraction
(E-C) coupling complex.

Methods Employed: Isolated frog hearts were used for binding and
bioassay of rat cardioglobulin-C. These hearts were also used as a specific
immunoabsorbent for anti -cardioglobulin C antibody (see results) . Standard
techniques were used for antibody production, immune fluorescence microscopy
and separation of cardioglobulin-C from other serum proteins.

Major Findings: A. Development of an immunochemical assay for rat
cardioglobulin-C. A rat protein fraction containing cardioglobulin-C

activity was injected with complete Freund's adjuvant into rabbits. The

resulting antiserum had anti -cardioglobulin-C activity, as judged by binding

to surface -membrane cardioglobulin-C sites of a BC frog heart, and inhibition

of the biological activity of cardioglobulin-C. This antiserum makes 3

precipitin lines when reacted in gel with whole rat serum. After absorption

by passage of antiserum through a series of BC frog hearts, one precipitin

line, called precipitin line 3, is no longer detected. Our tentative con-

clusion, therefore, is that rat cardioglobulin-C is in precipitin line 3.

Thus, we at least have an immunochemical marker for a protein which up

until now we could identify only by its biological activity on the frog

heart

.

B. Immunochemical relationships between cardioglobulin-C and rat E-C
complex. A purified fraction from rat muscle, containing the E-C complex,

was set up in gel against anti -cardioglobulin antiserum. Two precipitin
lines formed, which made lines of identity with rat cardioglobulin-C
fraction antigens. One of these identity lines was precipitin line 3 which
we believe represents cardioglobulin-C. Thus there appears to be a close
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immunochemical relationship between cardioglobulin-C and a protein in the

E-C coupling fraction. Tlie evidence suggests that cardioglobulin-C and the

muscle E-C complex are chemically similar.

Proposed Course of Project: Project completed.

Honors and Awards: None

Publications: None

O
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Serial No. NHLI-121
1. Kidney & Electrolyte Metabolism
2. Experimental Cardiovascular Diseases
3. Bethesda, Maryland 20014

PHS - NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Mechanism of cardiac failure in hamsters with
hereditary cardiomyopathy

Previous Serial No.: None

Principal Investigators: Christian J. Posner, M.D., Ph.D.
Stephen Hajdu, M.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: The contractility of most maimnalian cardiac
muscle is the result of two independent phenomena whose contri-
bution to overall contractility varies with the frequency of
stimulation. At high frequencies it is determined by the
Bowditch phenomenon (BP) . Contractile tension over this fre-
quency range is supported by a decrease in intracellular
potassium which amplifies the effect of the constant amount of
free extracellular calcium entering the fiber at every frequency
of stimulation. Over the low frequency range, contractile
tension is dependent on the Woodworth phenomenon (WP) which is
mediated by calcium supplied from bound sources. The amount of
this available calcium increases during the rest intervals.
Since the alkaloid ryanodine eliminates only the WP it allows
accurate separation of the contribution of WP and BP to overall
contractility

.

When it was reported that a strain of hamsters spontaneously
develop a primary cardiac failure we were able to study the
effect of the disease on these phenomena (BP and WP) . If as the
result of the disease both phenomena are equally depressed, it
would have to be concluded that a defect in the contractile
system is the common cause of the depression since it would be
unlikely that the disease would affect two independent functions
equally. On the other hand if the disease is restricted to only
one of the phenomena, leaving the other intact, this would
indicate a normal contractile system with the point of attack on
the specific mechanism serving only the affected phenomenon.

Methods: The hamsters were divided into 3 groups. Group 1
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contained healthy golden hamsters, group 2 cardiopathic hamsters
without signs of cardiac failure, and group 3 cardiomyopathic
har.isters with severe congestive heart failure. Isometric con-

tractions were recorded from right ventricular muscle
preparations suspended in Krebs solution vigorously gassed with a

mixture of 95% O2 and 5% CO2. For experiments involving measure-
ment of ^^Ca uptake during the depolarized state, muscles were
suspended in Krebs solution in which all sodium was replaced with
potassium (Potassium - Krebs) . The control muscle in each pair
remained unstimulated and was suspended in normal Krebs solution.
Each solution contained the same specific activity of ^^Ca
(equivalent to 10^ cpm ^^Ca/ml) . At the end of the incubation
period the muscles were washed in ice-cold Krebs solution every
4 minutes for 40 minutes. At the end of the washing period, the
muscles were blotted dry, weighed on a torsion balance and
homogenized in Krebs solution in a glass tissue grinder. Aliquots
of the homogenate were dried on planchets and radioactivity
counted in a low-background counter.

Major Findings: The interval-tension curve for the healthy
golden hamster and that of the cardiomyopathic hamsters without
evidence of cardiac failure is similar, with tension increasing
at both high and low frequencies indicating a normal BP and WP

.

The interval-tension curve of the cardiomyopathic hamsters with
severe congestive heart failure shows a parallel course with the
curves obtained from the first two groups but only over the range
of the WP (that is, between 2-60 sec). At high frequencies when
the BP begins to develop in the normal animals (2 sec. or less)
the curve of the diseased animals continues to decline as though
the BP were missing in these animals.

In order to determine whether the BP is absent in the dis-
eased hearts, the hearts in all groups were treated with
ryanodine. No tension was recorded in the WP range in all three
groups but undiminished contractility was observed in the BP
range in hearts from the controls. The hearts of animals
suffering from congestive failure developed no tension over the
entire frequency range showing that all tension exhibited prior
to ryanodine treatment was produced by the WP . A normal BP is
present in the hearts of the young cardiomyopathic animals free
of the signs of cardiac incompetence but absent by the time that
cardiac failure has reached its final stage.

The absence of BP could be the result of a malfunction in
either step determining the BP, that is failure of the decrease
in intracellular potassium with increasing frequency or failure
of entry of free extracellular calcium into the fiber. The
functional state of the potassium mechanism was evaluated by use
of the cardiac glycosides. While addition of scilliroside pro-
duced a shift of the BP toward the lower frequency range in
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healthy hamster hearts, it did not increase the tension over
the high frequency range in the diseased hearts which would have
indicated return of the BP . A large dose of glycoside eventually
led to the development of contracture in the diseased heart
indicating that there was no lack of response to this inter-
vention which lowers intracellular potassium.

The probable explanation for the absence of increased
contractility over the BP range in the cardiomyopathic hearts is
therefore failure of extracellular calcium to enter during
depolarization. This hypothesis was evaluated by measuring ^^Ca
uptake of heart muscle with a polarized and depolarized membrane.
Calcium uptake, expressed as cpm ^^Ca/mq muscle, was determined
in five separate muscles for both normal and cardiomyopathic
hamsters after incubation times of 20, 40 and 80 min

.

In the healthy hamster hearts, the ^^Ca accumulation during
the depolarized state continues to increase above that in the
polarized state with increasing incubation times. In the
cardiomyopathic hamster hearts there is no significant increase
in '^^Ca accumulation during the depolarized state compared with
that in the polarized state. Thus the change that takes place
in these animals later in life and leads to a fatal cardiac
failure is an impermeability of the membrane to entrance of free
extracellular calcium during depolarization of the membrane.

Significance to Biomedical Research and the Program of the
Institute: This represents the first analysis on the cellular
level of the mechanism of a naturally occurring primary cardiac
failure. This study shows that with progression of the disease,
the cardiac muscle fails to allow entrance of free extracellular
calciimn during depolarization. iVs a consequence of this, the
heart is deprived of normal contractility at the physiological
heart rates. Due to this lack of calcium entrance during
depolarization the cardiac glycosides also become ineffective and
this is in good agreement with long standing clinical observation
(cardiac failure refractory to glycosides) . This study delineates
the course of future research directed toward the correction of
cardiac failure.

Proposed Course of Project: The correction of the defect
leading to cardiac incompetence in the diseased hamsters can
proceed in two directions:

1. Restoration of calcium entry: This approach has been
explored by the use of epinephrine, the most potent known agent
to increase permeability of calcium during the depolarized state.
While epinephrine made some improvement in calcium entry in some
of the animals, in others it had no effect. In our judgment
this indicates that when the disease has reached its final state
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there is no practical way to restore calcium entry. However
prevention of the closing of the membrane to calcium entry would
be correct in principle.

2. Improvement in the Woodworth phenomenon: Extension of
the WP to cover the high frequency range, as in skeletal muscle,
would restore contractility by increasing the amount of calcium
released from bound sources. Our study has already shown that
this mechanism of compensation is present to a small degree in
the diseased hamster hearts but this is not adequate to maintain
normal cardiac function. Enough evidence has been collected
which suggests that the WP is based on the function of the cardio-
globulin system. Improvement in the function of this system
seems the most feasible procedure to restore contractility in
the failing heart.

Honors and Awards : None

Publications: Hajdu, S . , and Posner, C. J.: Absence of Bowditch
phenomenon in the ventricular muscle of hamsters
with hereditary cardiomyopathy. Am. Heart J .

81: June, 1971 (In press)

.
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ANNUAL REPORT OF THE

LABORATORY OF BIOCHEMICAL GENETICS

NATIONAL HEART AND LUNG INSTITUTE

July 1, 1970 through June 30, 1971

Three aspects of molecular biology were studied during the past year:

Neurobiology, mechanisms of protein synthesis, and the biochemistry of rare

constituents of tRNA.

A. NEUROBIOLOGY

1. Neuroblastoma

Clonal lines of neuroblastoma provide an unusual opportunity to explore

steps in neuron differentiation as well as functional characteristics of

mature neurons. The cells resemble neuroblast stem cells yet are capable of

multiplying rapidly in vitro and give rise to cells exhibiting many properties

characteristic of differentiated neurons. Many new clones of mouse neuro-

blastoma C1300 were obtained during the past year and were examined for

enzymes catalyzing the synthesis of putative neurotransmitters. Three types

of neuroblastoma clones with respect to transmitter synthesis were found:

1) Clones with no apparent transmitter; 2) adrenergic clones; 3) cholin-

ergic clones. Two varieties of human neuroblastomas are known: adrenergic

and non-adrenergic tumors. On the basis of studies with mouse neuroblastoma

a third class of human tumors may be expected: i.e., tumors of cholinergic

neuroblasts. A simple, highly sensitive assay for acetylcholine transferase

was developed that provides a ready means of identifying such tumors.

It is possible that clonal differences in enzymes for neurohormone syn-

thesis reflect genetic heterogeneity; alternatively, the differences may be

a function of the developmental potential of the normal neuroblast precursor

of the mouse neuroblastoma.

The formation of synapses between the various neuroblastoma clones and

dissociated cells from cardiac and skeletal muscle was investigated. The

rate of contraction of single cardiac cells or of colonies in vitro was

determined by recording pulsations on video-tape and displaying the output

on recorder paper, using a video-analogue output. Neuroblastoma cells were

found to form a strong physical connection with muscle cells. Stimulation of

neuroblastoma cells altered the rate of contraction of muscle cells. These

and additional results suggest that neuroblastoma cells are capable of syn-

apsing in vitro ; however, further work is needed to substantiate this possi-

bility.

2. Genes for neuronal properties expressed in neuroblastoma x L cell hybrids.

Mutant clones of mouse neuroblastoma were selected by mutagenesis and

exposure to 6-thioguanine. The electrically excitable neuroblastoma cells

were fused with electrically passive L cells having a hitherto undescribed

electrical marker. Hybrid clones, examined 10-40 generations after fusion,

were found to be electrically excitable. The results show that at least part
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of the genetic information from neuron differentiation can be functionally

expressed in neuroblastoma x L cell hybrids. No evidence for a pleiotropic

repressor terminating neuron differentiation was found. In fact, most N x L

cell hybrids were more active electrically than the parental neuroblastoma

line. Somatic cell hybridization applied to normal neuroblasts should pro-

^'ide a relatively simple means of establishing clonal lines of cells derived

from different types of neurons. The levels of acetylcholinesterase of N x L

cell hybrid clones were determined 30-50 cell generations after cells were
fused. The neuroblastoma parent and all N x L cell hybrids contained acetyl-

cholinesterase; appreciable amounts of enzyme were not detected in the I. cell

parent or in L x L hybrids. Tlie results show that . neuroblastoma genes for
acetylcholinesterase continue to be expressed after fusion.

Results obtained with neuroblastoma clearly show that rapidly dividing
cells still retain the ability to express neuronal functions and that some
neuronal genes remain active in somatic cell hybrids. The possibility that

neurons may be capable of initiating a program of neuron differentiation in

recipient cells also deserves consideration.

3. Acetylcholinesterase

We have previously shown that neuroblastoma cells contain acetylcholin-
esterase and both excitatory and inhibitory acetylcholine receptors and that
these factors respond to regulatory mechanisms in vitro . Thus, purification
and characterization of the factors were initiated to define the relationship
between acetylcholinesterase and acetylcholine receptors and the nature of
the regulatory mechanisms. Acetylcholinesterase was fovind to be associated
with membranes; however, the enzyme now has been purified extensively and is
now being characterized.

4. Cyclic AMP

A simple, rapid assay for adenosine 3',5'-cyclic monophosphate was
developed by A. Oilman that is based upon competition between labeled and un-
labeled cAMP to a protein, presumably a cAMP-dependent protein kinase. The
nucleotide-protein complex is then adsorbed and washed on a cellulose ester
filter. The assay is sensitive to 0.05-0.10 pmoles of cAMP, and is being used
to explore cAMP metabolism in neuroblastoma and other cell types that are
grown in vitro.

B. MECHANISMS OF PROTEIN SYNTHESIS

1. Mammalian peptide chain termination

Mammalian peptide chain termination has been studied in vitro using a
modification of the formyl methionine (fMet) release assay developed for
bacterial studies. Release of fMet from rabbit reticulocyte fMet tRNA^-ribo-
some intermediates requires a protein release factor (R) , terminator codon
template, and GTP. Release factor has been purified to >95% homogeneity
prepared from rabbit reticulocytes, and partially purified from guinea pig
liver and Chinese hamster liver. The purified reticulocyte R factor has a
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native tnolecular weight by G200 Sephadex chromatography of - 255,000, is

composed of subunits, has a ribosomal dependent GTPase activity, and is

active in the fMet release assay using the templates UAAA, UAGA, or UGAA.

Multiple release factors of differing codon specificity have not been found.

The release reaction is inhibited by GDPCP which is consistent with the

demonstrated GTPase activity being essential for peptide chain termination.

The release reaction is also inhibited by sparsomycin, anisomycin and gou-
gerotin, inhibitors of the mammalian peptidyl transferase. This extends the

correlation found in bacterial systems implying peptidyl transferase partici-

pation in peptide chain termination. These antibiotics do not inhibit R

factor ribosomal-dependent GTPase activity. More, recently, we have studied
the formation of R* radioactive terminator codon 'ribosome intermediates.
GDPCP and ethanol can be used to stabilize such intermediates for quantita-
tion by Millipore filter retention. These studies suggest that recognition
sites for all three terminator codons are part of a single large R factor.

C. BIOCHEMISTRY OF RARE CONSTITUENTS OF tRNA

1. The effect of methylated bases on the biological activity of Met-tRNA .

The properties of normal and methyl-poor Met-tRNA were compared in a

variety of test systems. The results show the following: a) of the two
normally occurring isoacceptors of Met-tRNA, the nonformylatable species is

acylated more quickly than the formylatable species, and both of these are
aminoacylated by purified methionyl-tRNA synthetase more rapidly than is
methyl-poor Met-tRNA; b) on reverse-phase chromatography, methyl-poor Met-
tRNA, Met-tRNAj^^ and Met-tRNA^, can all be separated from each other; c) methyl-
poor Met-tRNA serves as a substrate for the trans formylating enzyme, is

recognized by initiation factors and is excluded from recognition by elonga-
tion factors in a manner indistinguishable from normally methylated Met-tRNA.

2. The involvement of leucine in tRNA modification.

When relaxed-rontrol E. coli is deprived of methionine, new species of
tRNA are formed. Since methionine is a source of methyl groups of tRNA, the
newly formed tRNA is methyl-deficient. We have now found that new species
of tRNA also accumulate when relaxed-control E. coli are starved of leucine.
New RNA synthesis is necessary for the phenomenon since the appearance of
new species is prevented by leucine starvation of stringent control cells
or uracil starvation of relaxed-control cells. Leucine starvation leads to
formation of new species that accept the amino acids leucine, arginine and
histidine. This distribution suggests that leucine is involved in a modifi-
cation reaction specific for those tRNA's that recognize codons beginning
with C. This is in keeping with previous data from this and other labora-
tories showing that tRNA's recognizing codons beginning with U contain iso-
pentenyl adenosine and those recognizing codons beginning with A contain
N-(purin-6-ylcarbamoyl)-threonine. Further studies on these new species of
tRNA will continue.

r
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3. The biochemistry of N-(purin-6-ylcarbamoyl)-threonine in tRNA .

The most recently discovered minor constituent in tRNA is N- (purin-6-
carbamoyl)-threonine (PCT) . Since it has been found in the tRNA for the
amino acids isoleucine, methionine, serine and lysine, it has been suggested
that its occurrence will be restricted to those tRNA's whose codons begin
with A. We have initiated a program to study the biosj'nthesis and distribu-
tion of PCT in tRNA. By exposure of a "relaxed control" threonine auxotroph
of E. coli to threonine under conditions where RNA synthesis is allowed and
protein synthesis is blocked, we have been able to specifically incorporate
label from radioactive threonine into PCT. This is evidence that threonine
is at least a partial precursor of PCT. Our plan for the immediate future is

to utilize specifically labeled tRNA to deduce which species of tRNA contain
PCT. This should allow us to test the distribution hypothesis mentioned
above.

r^
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Serial No. NHLI-122
1. Biochemical Genetics
2. Macromolecules
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The Initiation of Mammalian Protein Synthesis

Previous Serial Number: NHLI-339

Principal Investigator: Daniel Twardzik

Other Investigator: Alan Peterkofsky

Cooperating Unit: Ettore Appella, National Cancer Institute

Project Description:

The project described last year is progressing as anticipated. Pyrro-
lidone carboxylic acid (PCA) occurs as the N-terminal amino acid of many
mammalian proteins. Our experiments have been aimed at determining the
precursor of this unique amino acid. Using cells derived from a mouse plasma-
cytoma, we have been able to incorporate label from either radioactive glu-
tamic acid or glutamine into protein. Degradative analysis of labeled
protein originated from labeled glutamic acid shows label in only PCA and
glutamic acid. On the other hand, if label originated from glutamine, the
labeled protein contains label in PCA, glutamic acid and glutamine. This
finding indicates that PCA must be derived more directly from glutamic acid
than from glutamine, a finding contrary to a suggestion in the literature.
Tests of enzyme activities in cell extracts support our data: While gluta-
mine synthetase is absent, glutaminase activity is substantial. This
suggests that the mechanism whereby glutamine is converted to PCA involves
a prior conversion to glutamic acid. These observations will be pursued
with the intention of elucidating the mechanism of PCA formation from glu-
tamic acid.

Hcnrs and Awards : None

Publications: None.
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Serial No. NHLI-123
1. Biochemical Genetics
2. Macromolecules
3. Bethesda, Maryland

PIIS-NIH

Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on Arainoacyl-tRNA Synthetases

Previous Serial Number: NHLI-3A0

Principal Investigator: Takis Papas

Other Investigator: Alan Peterkofsky

Cooperating Units: None

Project Description:

The mechanism of several aminoacyl-tRNA synthetases has been studied in

this and other laboratories. While each aminoacyl-tRNA synthetase shows
specificity for its unique amino acid, the characteristics of the reactions
involved are generally similar. There are, however, three notable exceptions
to this similarity; the synthetases for arginine, glutamine and glutamic
acid all require the cognate tRNA's for demonstration of the ATP-PPi exchange
reaction, while all the other synthetases show no such tRNA requirement. We
have initiated a study of the mechanism of these unique aminoacyl-tRNA syn-
thetases with a view to exploring these unusual properties.

Honors and Awards : None

Publications: None.

3/x



Serial No. NHLI-124
1. Biochemical Genetics

2. Molecular Biology
3. Bethesda, Maryland

s

PHS-NIH
Individual Project Report
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Project Title: The Neuroblastoma System as a Model for Neuron Differentia-
tion.

Previous Serial Number: None

Principal Investigator: Marshall Nirenberg

Other Investigators: Takehiko Amano, Elliott Richelson and Edward J.

Thompson.

Cooperating Units : None

Project Description:

Clonal lines of neuroblastoma provide an unusual opportunity to explore
steps in neuron differentiation as well as functional characteristics of
mature neurons. The cells resemble neuroblast stem cells yet are capable
of multiplying rapidly in vitro and give rise to cells exhibiting many
properties characteristic of differentiated neurons. Many new clones of
mouse neuroblastoma C1300 were obtained during the past year and were exa-
mined for enzymes catalyzing the synthesis of putative neurotransmitters.
Three types of neuroblastoma clones with respect to transmitter synthesis
were found: 1) Clones with no apparent transmitter; 2) adrenergic clones;
3) cholinergic clones. Two varieties of human neuroblastomas are known

—

adrenergic and non-adrenergic tumors. On the basis of studies with mouse
neuroblastoma a third class of human tximors may be expected: i.e., tumors
of cholinergic neuroblasts. A simple, highly sensitive assay for acetyl-
choline transferase was developed that provides a ready means of identifying
such tumors

.

It is possible that clonal differences in enzymes for neurohormone
synthesis reflect genetic heterogeneity; alternatively, the differences may
be a function of the developmental potential of the normal neuroblast pre-
cursor of the mouse neuroblastoma.

The formation of synapses between the various neuroblastoma clones and
dissociated cells from cardiac and skeletal muscle was investigated. The
rate of contraction of single cardiac cells or of colonies in vitro was
determined by recording pulsations on video-tape and displaying the output
on recorder paper, using a video-analogue output. Neuroblastoma cells were
found to form a strong physical connection with muscle cells. Stimulation
of neuroblastoma cells altered the rate of contraction of muscle cells.
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These and additional results suggest that neuroblastoma cells are capable
of synapsing in vitro ; however, further work is needed co substantiate this
possibility.

Honors and Awards: None.

Publications:

Seeds, N. W., Oilman, A. G., Amano, T. and Nirenberg, M. W.: Regulation
of axon formation by clonal lines of a neural tumor. Proc. Natl Acad
Sci . 66: 160-167, 1970.
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Project Title: Mammalian Peptide Chain Termination

Previous Serial Number: None

Principal Investigator: Arthur Beaudet

Other Investigators: C. T. Caskey and J. L. Goldstein

Cooperating Units: None.

Project Description:

Mammalian peptide chain termination has been studied in vitro using a

modification of the formyl methionine (fMet) release assay developed for
bacterial studies. Release of fMet from rabbit reticulocyte fMet tRNA^^'ribo-

some intermediates requires a protein release factor (R) , terminator codon
template, and GTP. Release factor has been purified to >95% homogeneity
prepared from rabbit reticulocytes, and partially purified from guinea pig
liver and Chinese hamster liver. The purified reticulocyte R factor has a

native molecular weight by G200 Sephadex chromatography of - 255,000, is

composed of subunits, has a ribosomal-dependent GTPase activity, and is

active in the fMet release assay using the templates UAAA, UAGA, or UGAA.

Multiple release factors of differing codon specificity have not been foimd.
The release reaction is inhibited by GDPCP which is consistent with the
demonstrated GTPase activity being essential for peptide chain termination.
The release reaction is also inhibited by sparsomycin, anisomycin, and
gougerotin, inhibitors of the mammalian peptidyl transferase. This extends
the correlation found in bacterial systems implying peptidyl transferase
participation in peptide chain termination. These antibiotics do not in-

hibit R factor ribosomal dependent GTPase activity. More recently we have
studied the formation of R* radioactive terminator codon -ribosome inter-

mediates. GDPCP and ethanol can be used to stabilize such intermediates for
quantitation by Millipore filter retention. These studies suggest that
recognition sites for all three terminator codon are part of a single large

R factor.

Honors and Awards: None.

Publications

:

Goldstein, J., Beaudet, A., and Caskey, C.T.: Peptide chain termination

with mammalian release factor. Proc. Natl. Acad. Sci. U.S . 67: 99-106,

1970.
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Beaudet, A., and Caskey, C. T.: Mammalian peptide chain termination II.

Codon specificity and GTPase activity of release factor. Proc. Natl .

Acad. Sci. U.S. 68: 619-624, 1971.
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Project Title: Biochemistry of Rare Constituents of tRNA

Previous Serial Number: NHLI-338

Principal Investigators: Maurille Fournier, Marcia Litwack, Jane Marmor,

Donald Powers

Other Investigator: Alan Peterkofsky

Cooperating Units: Dr. Herbert Dickerman, Johns Hopkins University;

B. P. Doctor, Walter Reed Army Institute of Research

Project Description:

A. Biological Studies of Isopentenyl Adenosine in Transfer RNA (Marcia

Litwack and Alan Peterkofsky)

.

Isopentenyl adenosine (iPA) occurs only in those species of tRNA re-
sponding to codon whose first letters begin with U. Our previous studies
showed that, in Lactobacillus acidophilus , mevalonic acid was the precursor
of iPA. iPA content of tRNA can be varied dependent on the concentration of
mevalonic acid in the culture fluids. Our studies have shown that, while
the gram-negative organism Escherichia coli contains the thiomethylated
derivative of iPA in its tRNA, the tRNA of the gram-positive Lactobacillus
contains unmodified iPA, as does mammalian liver tRNA.

We have now completed our studies on a comparison of the biological
properties of iPA-rich and iPA-poor tRNA. All attempts to show a require-
ment for iPA in tRNA for maximtnn rate or extent of aminoacylation or peptide-
bond synthesis have been negative. We conclude, in conflict with some other
data in the literature, that iPA is not necessary for the acceptance or
transfer functions of tRNA in Lactobacillus .

B. The Importance of Methylated Bases for the Biological Activity of the
Methionine tRNA (Jane Marmor and Alan Peterkofsky)

.

This project, initiated last year, has been brought to a conclusion.
While the properties of methyl-deficient tRNA for several amino acids have
been previously examined, extending the study to include the tRNA for
methionine was felt to be warranted. Methionine tRNA is unique in several
respects: It is a substrate for the enzyme that forms N-formyl-methionyl-
tRNA, it specifically recognizes initiation factors, and it is the only tRNA
that does not form a complex with elongation factors. We have compared the

w
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properties of normal and methyl-poor methionyl-tRNA in a variety of test

systems and found the following: (a) of the two normally occurring iso-

acceptors of met-tRl-JA, the non-formylatable species is acylated more quickly
than the fcrmylatable species and both of these are aminoacylated by purified
methionyl-tRNA synthetase more rapidly than is methyl-poor met-tRNA; (b) on

reverse-phase chromatography, methyl-poor met-tRNA., met-tRNAj^ and met-tRNA-p

can all be separated from each other; (c) methyl-poor met-tRNA serves as a

substrate for the transformylating enzyme, is recognized by initiation

factors and is excluded from recognition by elongation factors in a manner
indistinguishable from normally methylated met-tRNA.

C. The Involvement of Leucine in tRNA Modification (Maurille Fournier and
Alan Peterkofsky)

.

It has previously been shown that when "relaxed-control" E. coli is

deprived of methionine, new species of tRNA (detected by column chromato-
graphy) are formed. Since methionine is the source of methyl-groups of tRNA,

these new species are methyl-deficient. We have now found that new species
of tRNA also accumulate when "relaxed control" E. coli are starved of

leucine. New RNA synthesis is necessary for the phenomenon since the
appearance of new species is prevented by leucine starvation of stringent
control cells or uracil starvation of "relaxed control" cells. Leucine
starvation leads to formation of new species that accept the amino acids
leucine, arginine and histidine. This distribution suggests that leucine
is involved in a modification reaction specific for those tRNA's that recog-
nize codons beginning with C. This is in keeping with previous data from
this and other laboratories showing that tRNA's recognizing codons beginning
with U contain isopentenyl adenosine and those recognizing codons beginning
with A contain N-(purin-6-ylcarbamoyl)-threonine. Further studies on these
new species of tRNA will continue.

D. The Biochemistry of N- (purin-6-ylcarbamoyl) -threonine in tRNA (Donald
Powers and Alan Peterkofsky).

The most recently discovered minor constituent in tRNA is N-(purin-6-
ylcarbamoyl)-threonine (PCT) . Since it has been found in the tRNA for the
amino acids isoleucine, methionine, serine and lysine, it has been suggested
that its occurrence will be restricted to those tRNA's whose codons begin
with A. We have initiated a program to study the biosynthesis and distri-
bution of PCT in tRNA. By exposure of a "relaxed control" threonine auxo-
troph of E, coli to threonine under conditions where RNA synthesis is allowed
and protein synthesis is blocked, we have been able to specifically incor-
porate label from radioactive threonine into PCT. This is evidence that
threonine is at least a partial precursor of PCT. Our plan for the immediate
future is to utilize specifically labeled tRNA to deduce which species of
tRNA contain PCT. This should allow us to test the distribution hypothesis
mentioned above.
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E. In vitro Transfer RNA Synthesis and Modification (Maurille Foumier,
B. P. Doctor and Alan Peterkofsky)

We have recently initiated a program to purify those regions of E. coli
DNA carrying the information for tRNA synthesis (tRNA cistrons). Our
interest in this area is threefold: (a) We are interested in studying the
factors controlling the synthesis of tRNA at the transcriptional level;
(b) we would like to know the nature of precursor tRNA's if such exist;

(c) we wish to study those in vitro modification reactions that, thus far,

have not been amenable to examination. By a DNA-RNA hybridization procedure,
we have been able to prepare enriched tRNA cistrons. These tRNA cistrons
were used as a template with RNA polymerase. Further studies in this area
are in progress.

Honors and Awards: None.

Publications

;

Foumier, M. , Doctor, B. P., and Peterkofsky, A.: Unique transfer RNA
subspecies formed by leucine statn^ation of relaxed control E^. coli .

Fed. Proc. 29: 468, 1969.

Foumier, M. , Brenner, D. J., Peterkofsky, A., and Doctor, B. P.: In

vitro RNA synthesis using purified E. coli tRNA cistrons. British
Biophysical Society , Jan. 1971.

Gonano, F. , Stem, R. , Littauer, U. , Fleissner, E, . and Peterkofsky, A.:

tRNA meti-deficienti nella sintesi proteica. Italian Molecular Biology
Society , Rome, 1970.

Litwack, M. and Peterkofsky, A.: Transfer RNA deficient in N"- (A -iso-

pentenyl) adenosine due to mevalonic acid limitation. Biochemistry 10:

994-1006, 1971.

Marmor, J. B., Dickerman, H. W. and Peterkofsky, A.: Studies in methyl-

deficient methionine transfer ribonucleic acid from Escherichia coli .

J. Biol. Chem. 246: 3464-3473, 1971.
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Project Title: Genes for Neuronal Properties Expressed in Neuroblastoma x L

Cell Hybrids.

Previous Serial Number: None.

Principal Investigator: John D. Minna.

Other Investigators: Marshall Nlrenberg, Takehlko Amano, and Devera Glazer

Cooperating Units: Phillip G. Nelson and John H. Peacock, Behavioral Biology
Branch, National Institute of Child Health and Human
Development

.

Project Description:

Mutant clones of mouse neuroblastoma were selected by mutagenesis and
exposure to 6-thioguanine. The electrically excitable neuroblastoma cells
were fused with electrically passive L cells having a hitherto undescrlbed
electrical marker. Hybrid clones, examined 10-40 generations after fusion,
were found to be electrically excitable. The results show that at least
part of the genetic information from neuron differentiation can be function-
ally expressed in neuroblastoma x L cell hybrids. No evidence for a pleio-
troplc repressor terminating neuron differentiation was found. In fact,
most N X L cell hybrids were more active electrically than the parental
neuroblastoma line. Somatic cell hybrldlzatlcn applied to normal neuro-
blasts should provide a relatively simple means of establishing clonal lines
of cells derived from different types of neurons. The levels of acetyl-
cholinesterase of N X L cell hybrid clones were determined 30-50 cell gener-
ations after cells were fused. The neuroblastoma parent and all N x L cell
hybrids contained acetylcholinesterase; appreciable amounts of enzyme were
not detected in the L cell parent or in L x L hybrids. The results show
that neuroblastoma genes for acetylcholinesterase continue to be expressed
after fusion.

Results obtained with neuroblastoma clearly show that rapidly dividing
cells still retain the ability to express neuronal functions and that some
neuronal genes remain active in somatic cell hybrids. The possibility that
neurons may be capable of initiating a program of neuron differentiation in
recipient cells also deserves consideration.

Honors and Awards None.
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Publications

;

Minna, John, Nelson, Phillip, Peacock, John, Glazer, Devera and

Nirenberg, Marshall: Genes for neuronal properties expressed in neuro-
blastoma X L cell hybrids, Proc. Natl. Acad. Sci. 68: 234-239, 1971.

Nelson, P. G. , Peacock, H. H. , Amano, T. and Minna, J.: Electrogenesis
in mouse neuroblastoma cells in vitro. J. Cell. Physiol., in press.
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Nelson, P. G., Peacock, H. H. , and Amano, T. : Responses of neuro-
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July 1, 1970 through June 30, 1971

Project Title: Acetylcholinesterase in Neuroblastoma Cells.

Previous Serial Number: None

Principal Investigator: Arthur J. Blume

Other Investigator: Marshall Nirenberg

Cooperating Units: None

Project Description:

We have previously shown that neuroblastoma cells contain acetyl-
cholinesterase and both excitatory and inhibitory acetylcholine receptors
and that these factors respond to regulatory mechanisms in vitro . Thus,
purification and characterization of the factors were initiated to define
the relationship between acetylcholinesterase and acetylcholine receptors
and the nature of the regulatory mechanisms. Acetylcholinesterase was found
to be associated with membranes; however, the enzyme now has been purified
extensively and is now being characterized.

Honors and Awards: None.

Publications

:

Blume, A., Gilbert, F. , Wilson, S., Farber, J., Rosenberg, R. and
Nirenberg, M. : Regulation of acetylcholinesterase in neuroblastoma
cells. Proc. Natl. Acad. Sci. U.S.A . 67: 786-792, 1970.
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Project Title: Cyclic AMP Metabolism in Neuronal and Glial Clonal Cell Lines

Previous Serial Number: None

Principal Investigator: Alfred G. Gilman

Other Investigator: Marshall Nirenberg

Cooperating Units : None

Project Description:

A simple, rapid assay for adenosine 3' 5 '-cyclic monophosphate was
developed that is based upon competition between labeled and unlabeled cAMP

for a protein, presumably a cAMP-dependent protein kinase. The nucleotide-
protein complex is then adsorbed and washed on a cellulose ester filter.
The assay is sensitive to 0.05-0.10 pmoles of cAMP, and is being used to

explore cAMP metabolism in neuroblastoma and other cell types that are grown
in vitro.

Honors and Awards:

Publications

:

None

Gilman, A.G.: A protein binding assay for adenosine 3*5 '-monophosphate,

Proc. Natl. Acad. Sci . 67: 305-312, 1970.

Rail, T. W. and Gilman, A.G.: The role of cyclic AMP in the nervous
system. Neurosciences Research Program Bulletin 8: 221-323, 1970.
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ANNUAL REPORT OF THE
LABORATORY OF BIOCHEMISTRY

NATIONAL HEART AND LUNG INSTITUTE
July 1, 1970 through June 30, 1971

SECTION ON ENZYMES

Research in the Section on Enzymes has been concerned with the

cellular regulation of nitrogen metabolism, amino acid dissimilation,

the mechanism of action of vitamine Bi2 coenzymes, the anaerobic dis-

similation of nicotinic acid and the regulation of homocysteine bio-

synthesis.

Regulation of Glutamine Metabolism, (a) Glutamine synthetase. Previous

studies demonstrated that the activity of glutamine synthetase (GS) in

E. coli is regulated by adenylylation and deadenylylation of a single

tyrosyl hydroxyl group on each one of the enzyme's 12 subunits (Reactions

1 and 2).

GS + 12 ATP ?^ GS (AMP) 12 + 12 PPi

GS (AMP)i2 + 12 Pi ?=^ 12 ADP

(1)

(2)

Adenylylation is accompanied by changes in catalytic potential, in divalent
cation requirement (from Mg++ to Mn++) , in pH optimum, and in sensitivity
to inhibition by end products of glutamine metabolism. The average state

of adenylylation is determined by the relative rates of reactions 1 and 2

which are modulated in reciprocal fashion by concentrations of glutamine,
a-ketoglutarate, UTP and ATP. It has now been established that deadenylyl-
ation involves phosphorolysis (rather than hydrolysis as previously assumed)
of the phos|ihodiester linkage binding AMP to enzyme, yielding ADP as the

reaction product (reaction 2) . The energy of the adenylyltyrosine bond is

thus conserved in the generation of a pyrophosphate bond. It was further
established that a single protein complex (Pj) containing one adenylyltrans-
ferase subunit (ATase subunit , MW = 70,000 MW) and a subunit required for
deadenylylation (DA subunit, MW = 60,000) is involved in catalyzing both
reactions 1 and 2. Either Pj alone or its ATase subunit by themselves can
catalyze reaction 1; however, intact Pi is required for reaction 2, and its
catalytic potential and sensitivity to metabolite control is dependent upon
a second protein component (Pn) of 50,000 MW. With different enzyme pre-
parations (Pj plus Pxi) , the sensitivity of reaction 2 to activation by
a-ketoglutarate, ATP and UTP and its inhibitability by glutamine are variable.
The possibility that the activity of Pn is also modulated by covalent
attachment of a nucleotide is indicated by its inactivation upon exposure
to snake venom phosphodiesterase.

It has been established that E^. coli contains multiple molecular
forms (hybrid molecules) of glutamine synthetase that differ from one
another in the number (0 to 12) and distribution of adenylylated subunits.
Heterotropic interaction between adenylylated and unadenylylated subunits
in these hybrid enzyme molecules lead to marked changes in catalytic
potential, in affinities for substrates and in susceptibility to urea
denaturation. Hybrids produced by subunit dissociation and reassociation

iar-
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of mixtures of adenylylated and unadenylylated enzymes are indistinguishable

from naturally occurring hybrid forms produced by partial adenylylation

or deadenylylative reactions.

[ I

From the relationship between specific activity of Co activated

enzyme and the average state of adenylylation it is deduced that adenylyl-

ation of a subunit leads to its inactivation and (because of heterotropic

interactions) to nearly complete inactivation of unadenylylated subunits

that are in direct contact with the adenylylated subunit. It is a con-

sequence of such heterologous interactions that the greatest effect on

catalytic activity is achieved by the adenylylation of only 1 to 3 of the

enzyme's 12 subunits and almost complete inactivation is obtained when

only 9 subunits are adenylylated. This non-linear relationship between

catalytic potential and state of adenylylation could be of physiological

significance since the affinity of the adenylyltransferase for glutamine

synthetase decreases rapidly with state of adenylylation, making complete

adenylylation difficult.

Differential effects of various divalent cations (i.e., Co"*"*", Mg ,

Mn++, Ca++ and Zn++) on pH optimum, affinity for substrates, catalytic

potential, inhibitability by end products of gl-utamine metabolism and U.V.

spectrum of glutamine synthetase indicate that each cation provokes a unique

conformation of the enzyme.

Calorimetric studies of the interaction between divalent cations and

enzyme (carried out in collaboration with Dr. P.D. Ross of NIAMD) show that

2 protons are displaced from the enzyme during the binding of each of the

first 12 equivalents of either Mn++ or Mg"++ to the enzyme. One proton is

released instantaneously and the second in a slow process (half time = 0.5 -

0.9 min) probably involving a conformational change in the protein. The

kinetics of this slow reaction are similar to those of the spectral shifts

that accompany binding of Mn++ or Mg++. Despite these rather large per-

turbations in the microenvironment of certain aromatic amino acids that

accompany binding of divalent cations to glutamine synthetase, these cations

have no demonstrable effect on the secondary or quaternary structure as

determined by circular dichroism (CD) and optical rotatory dispersion
measurements (310-218 nm) . From CD measurements, it was estimated that the

ot-helical content of native glutamine synthetase is 37%.

In an effort to distinguish between unique configurations of un-

adenylylated enzyme (E's) , adenylylated enzyme (E]^) and their dissociated
subunits, antibodies were prepared to each species of enzyme and subunits.

Eo and Ej^ could not be distinguished from one another on the basis of com-

plement fixation using antiserum to either form of enzyme. The results

reinforce conclusions based on other data that adenylylation does not

provoke a substantial change in enzyme structure. However, differences

in behavior of antibodies prepared to subunits indicate that adenylylation

introduces a distinct antigenic determinant on the enzyme. A cross reaction

between antibodies of E. coli glutamine synthetase and the syn^^h^tases from

Salmonella typhimurium , Klebsiella pneumoniae , Pseudomonas putida and

Azotobacter vinelandii indicate a significant degree of homology bewteen

these enzymes. No cross reaction was obtained with glutamine synthetases
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from various species of Bacilli, Clostridia , Streptomyces , Neurospora ,

Methanosarcina or Acanthomoeba . (b) Glutamate Synthetase. Tempest, et al.

(Biochem. J. 117 , 405 (1970)) recently reported the discovery of a new
enzyme, glutamate synthetase, that catalyzes the TPNH dependent conversion
of a-ketoglutarate and glutamine to two moles of glutamate. (reaction 1).

Glutamine + a-ketoglutarate + TPNH -y 2 glutamate + TPN (1)

Glutamate + NH4+ + ATP —> Glutamine + ADP + Pi (2)

a-Ketoglutarate + NH4+ + ATP + TPNH -v- glutamate + ADP+TPN+Pi (3)

When coupled with glutamine synthesis (reaction 2) this new reaction leads
to the overall reaction 3 which represents a new highly exergonic pathway
for the synthesis of glutamate. The new glutamate synthetase has now been
purified to near homogeneity from extracts of E^. coli : It has a molecular
weight of about 750,000 as determined by ultracentrifugation and gel

filtration. The S20w - 22S; pH optimum = 7.8. The protein contained 1 mole
of bound flavin (FAD + FMN) per 200 gms which was reduced by TPNH but not by

DPNH. The apparent dissociation constants (Kms) for glutamine and a-keto-
glutarate are 170 and 30 uM respectively. These Kms and the low Kms for the

substrates of glutamine synthetase permit rapid synthesis of glutamate by

reaction 3 at concentrations of NH4"^ that preclude significant glutamate
formation by the classical glutamate dehydrogenase. Therefore the new
pathway of glutamate synthesis becomes important when the intracellular
concentration of NH^"*" is low. Its role in glutamate synthesis is further
indicated by the fact that its formation is repressed by high concentration
of glutamate. It is noteworthy that in this new pathway glutamine is a

precursor of glutamate synthesis, and therefore of all amino acids derived
from glutamate either directly or via transamination reactions. The pre-
viously unexplained inhibitions of glutamine synthetase by alanine, glycine
or serine are now recognized as simple cases of feedback inhibition of the

first enzyme in the biosynthetic pathway by ultimate end products.
(c) Glutaminase. It is known that E. coli contains two glutaminases with
different pH optima (pH 5 and pH 7) . As part of the study on regulation
of nitrogen metabolism in E. coli , the properties of these glutaminases were
investigated. Growth studies with E. coli B showed that the pH 5 enzjone

increases markedly during stationary phase whereas the pH 7 enzyme is

highest during the log phase and early stationary phase. Preliminary
experiments indicate that highest activity of the pH 7 enzyme is obtained in

the presence of excess nitrogen and growth is limited by carbohydrate
supply. The pH 7 enzyme has been purified over 1700 fold from crude extracts.
It is a cold-labile enzyme and is inactivated at 0° and is partially
reactivated by either glutamine or glutamate. The enzyme is stabilized by
glutamate and borate. It exhibits complex kinetics suggestive of cooperative
substrate interactions and has almost no activity at pH 5.

Amino Acid Metabolism . The B12 coenzyme dependent lysine mutases of

Clostridium sticklandii and Clostridium M-F have been studied in detail

as regards reaction mechanism and characterization of the proteins. Both

a-D-lysine mutase and L-3-lysine mutase consist of two dissimilar protein

moieties, and B12 coenzyme serves as carrier of the migrating hydrogen in

each reaction. The cobalamide protein moiety of a-D-lysine mutase contains

m
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phosphate and this binds the w-amino group of the amino acid

s and probably serves as intermediate amino group carrier in the

action. L-a-lysine mutase appears to contain pyruvate as its

compound rather than pyridoxal phosphate. Both of the mutases are

complicated in their requirements, such as activation by ATP, than

Bi2 coeazyme linked enzymes previously studied. Their complex

s are probably involved in regulation of the two parallel metabolic

fermentation of D-a-lysine and L-a-lyf.ine in which they participate.

The product of L-g-lvsin-^ mutase, 3,5-diaminohexanoic acid, contains

two asymmetric centers (C-3 and C-5) giving rise to two pairs of enantiomers

that differ in their melting points. Since a knowledge of the steriochem-

istry of the enzymic product would aid in understanding the mechanism of the

mutase reaction, these isomers were obtained by chemical synthesis. It has

been established that only the low melting isomer is enzymatically active.

From NMR spectral studies of benzoylated amino lactam derivatives of the

isomeric amino acid it was deduced that the enzymatically active isomer has

the erythro configuration. Since the 6-lysine substrate has the S-con-

figuration the new asymmetric center, C-5, in 3,5-diaminohexanoic acid must

therefore have an S-configuration.

The peptide growth factor requirement of Clostridium sticklandii

is satisfied by a fraction isolated from a casein digest that contains

only two major acidic peptide components. The amino acid composition of

this peptide fraction is glutamic acid, valine, leucine, isoleucine, alanine

and some serine and threonine. Based on molecular weight estimations, the

active peptide (s) should consist of 5 to 7 amino acid residues. Experiments
are currently in progress to achieve final isolation and determination
of structure of the required peptide.

The ATP-forming glycine reductase system of C^. sticklandii , after
fractionation into three soluble highly purified protein components still
shows an absolute requirement for orthophosphate in order to reduce glycine
to acetate and ammonia with dithiothreitol as electron donor. Marked
sensitivity to hydroxylamine suggests a carbonyl compound cofactor is involved.

Methane biosynthesis. Since the early reduction steps in methane formation
from carbon dioxide and formate are completely unknown, I'^C formate reduction
to methane by Methanococcus vannielii extracts is being investigated. A
nucleotide fraction in the extracts, which becomes highly radioactive
during the reaction, has been purified and shown to serve as a precursor of ;
labeled methane. Chemical characterization of this radioactive material,
now in progress, should determine whether it has an intermediary role in
the process. Marked stimulation of methane biosynthesis from formate by
several one-carbon derivatives of uracil suggests that the presumed inter-
mediate may be a modified uridine nucleotide.

Anaerobic dissimilation of nicotinic acid . In the nicotinic acid fermentation
pathway the obligatory roles of two inducible enzjTnes which together re-
arrange the carbon skeleton of the original substrate to a symmetrical inter-
mediate account for the results of earlier isotope studies. One of these
enzymes, the B]^2 coenzyme-dependent a-methyleneglutarate mutase, catalyzes
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a carbon-carbon bond cleavage reaction and this, followed by a second iso-

merization catalyzed by methylitaconate isomerase, forms the symmetrical

dicarboxylic acid, dimethylmaleic acid. The mechanisms of the hydrogen

transfers catalyzed by both enzymes have been studied.

Regulation of methionine biosynthesis . Previous work in this laboratory has

shown that the synthesis of homocysteine, the immediate precursor of

methionine, is accomplished in 3 sequential steps, which differ slightly
in different microorganisms, and are catalyzed by: a) homoserine transacylase,

utilizing succinyl CoA in Salmonella and acetyl CoA in Neurospora ; b) cysta-
thionine Y~synthase; and c) g-cystathionase. In Neurospora the cysta-
thionine synthase, which had been shown to be subject to end product
inhibition by S-adenosylmethionine, has now been found to be completely
inactive in the absence of polyglutamate derivatives of N^-methyltetra-
hydrofolate. This allosteric activation serves to prevent over-production
of homocysteine in the absence of the methylfolate needed for its conversion
to methionine. It is noteworthy that in Neurospora it is the second enzyme
of the homocysteine synthetic pathway that is subject to regulation. The

intermediary role of cystathionine in methionine synthesis in yeast is still
uncertain. Now significant cystathionine synthase activity can be detected
in extracts of yeast protoplasts, but the reaction is not affected by
addition of methylfolates and is slower than the direct formation of homo-
cysteine from acetylhomoserine and sulfide. In Salmonella also, where the
first enzyme of the pathway is subject to end product inhibition, a re-
gulatory role for methylfolates could not be demonstrated. The mechanism
regulating the synthesis of the transsuccinylase in Salmonella appears to be
different from that regulating the second and third enzjrmes. When the
growth rate of a mutant which responds to either methionine or vitamin B12
is slowed in a chemostat by limiting the concentration of methionine the
second and third enzymes are derepressed in a normal fashion, but it is
virtually impossible to derepress the trans-succinylase. This result is not
observed with vitamin 62^2 limitation, suggesting that exogenous methionine
is a preferential source of a component involved in controlling the
synthesis of the transsuccinylase.
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Annual Report of the

Section on Cellular Physiology

Laboratory of Biochemistry
National Heart and Lung Institute

July 1, 197 through June 30, 1971

The research program of the Section on Cellular Physiology continues to be

directed toward two broad areas of biochemistry and cellular physiology;

structure and structure-function relationships of proteins on the one

hand and the role of cell membranes in synthetic activities of cells on

the other, encompassing programs in the areas of (1) the structure and

biochemical activities of the proteins of the contractile system of muscle;

(2) the structure of fibrinogen; (3) radiation damage in proteins; and

(4) the mechanism of protein synthesis and its relationship to cell structure.

The following is a resume of some major developments in the research of

the section.

Proteins of the contractile system of muscle .

Myosin-actin interactions:
It is now generally recognized that contraction of muscle involves the

interaction of the two proteins, actin and myosin, with ATP. Clearly, it

is of importance to determine the strength of binding and the binding ratio

of actin to myosin both in the presence and absence of ATP. While there is

a voluminous literature on the characteristics of actin-myosin complexes,

no stoichiometry can be deduced for this system under conditions of

physiological ionic strength where both proteins exist as aggregates. How-

ever, heavy meromyosin (HMM) a prodvict of brief tryptic digestion of myosin

constituting about 7 5% of the mass of the myosin molecule is soluble and

monomeric at low ionic strength and its binding to actin can be studied in

the analytical ultracentrifuge.

Actin under conditions of physiological ionic strength, or higher, exists

as a double stranded linear polymer and rapidly sediments in the ultra-
centrifuge. In binding experiments with HMM any unbound HMM is left in the

supernatant and can be quantitated with the photoelectric scanning system.

Such studies under a variety of conditions of ionic strength, temperature
and initial actin concentrations, have demonstrated that the maximum molar
binding ratio of HMM: actin monomer in the absence to ATP is 1:2. Further-

more, under all these conditions, the binding constant was too high to

measure — greater than 2X10^M.

This binding is many fold stronger than that in the presence of ATP as

deduced from kinetic measurements. The binding ratio of 1:2 is in agreement
with the fact that myosin and HMM are 2-headed molecules so that apparently
each head binds to a separate actin monomer.

In the presence of ATP actin strongly activates the HMM ATPase and therefore

the extent of actin-HMM binding can be estimated from kinetic measurements.

These measurements suggest that in the presence of ATP the binding between
actin and HMM is much weaker tte n in the absence of ATP, In an effort to

directly examine the binding in the presence of ATP, the analytical
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ultracentrifuge was used. Unexpectedly it was found that under conditions

where kinetic measurements suggest that the actin and HMM are completely
complexed, the ultracentrifuge showed that 50% of the HMM was in fact

dissociated from the actin. This suggests that during the cycle of actin-
HMM interaction, much of the HMM exists in a "refractory" form in which it

cannot bind to actin. Since HMM is a 2-headed molecule, it is quite likely
that only one head of the molecule emerges from its refractory period at a

time, so that, in effect, only one head of the HMM binds to actin in the
presence of ATP. This would of course contrast with the situation in the
absence of ATP where both heads bind simultaneously and this difference in

the number of heads binding might account for the strong binding which occurs
in the absence of ATP as opposed to the weak binding in the presence of ATP.

The observation that much of the HMM is in a refractory form where it

cannot bind to actin in the presence of ATP may have significant implications
for the situation in vivo . The flexability of contracting muscle as opposed
to rigor muscle may occur because in the rigor state all of the myosin
bridges are bound to the actin filament whereas in contracting muscle only
a fraction of these bridges are bound. In support of this hypothesis
X-ray diffraction studies of contracting muscle show that less than 50%

of the myosin bridges are closely associated with actin. Therefore the
occurrence of a refractory period during which the myosin molecule cannot
bind to actin may play a key role in the cyclic interaction of actin and
myosin which causes contraction in vivo .

Actin:
G-Actin, the major protein of the thin filaments in the contractile appara-
tus of muscle — and, apparently, of other cells as well — has a molecular
weight of 45,000 and consists of a sequence of 410 amino acid residues. As
an initial goal in elucidating the primary structure of actin, it was
decided to attempt isolation of all of the peptide fragments of actin
resulting from cyanogen bromide cleavage of the molecule. Cyanogen bromide
specifically attacks methionyl residues cleaving the adjacent peptide bond
and converting the methionine to carboxyl terminal homoserine of the
resulting peptide fragments. Siibsequent isolation of all of the methionine
containing peptides resulting from hydrolysis of actin by trypsin should
result in a set of overlapping peptides. Matching up of these two sets of
peptides should then result in the ordering of the cyanogen bromide
fragments and provide a base for further sequence analysis. There are
sixteen methionine residues in actin leading to seventeen cyanogen bromide t>

fragm.ents. The previous report dealt with the isolation of all seventeen
of these and the results have been published. With respect to the sixteen
overlaps all but one have been successfully identified. Although the
missing overlap can be inferred, efforts continue to positively identify
it. With the placing of the seventeen cyanogen bromide peptides in sequence
the initial goal of this project is complete. From this information and
sequence studies in another laboratory we now have about 70% of the 410
amino acid residues of actin in sequence.

Myosin:
The myosin molecule is composed to two identical polypeptide chains each
of 200,000 molecular weight. In addition about 15% of the mass of all
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native myosin preparations consist of smaller polypeptide chains of about

20,000 molecular weight. It has not been possible, so far, to separate

the latter material from the large chains except under denaturing conditions.

While the small chains are widely regarded as a functional part of the

myosin molecule, this has not been proved. No stoichiometry in the structure

has been demonstrated, a problem that is complicated by the fact that this

low molecular weight fraction is composed of four components in unequal

amounts. Conflicting figures in the literature are probably confused by the

fact that myosin prepared by "standard" laboratory procedures always contains

5-10% of low molecular weight contaminants readily removable by any one of

three chromatographic procedures. Some time ago, before the presence of

the small chains in myosin was recognized it was observed in this laboratory

that myosin possessed histidine as an amino terminal group. Subsequently,

another laboratory reported the presence of a blocked N-terminal, identified

as acetyl serine. It has now been determined that the large chains of

myosin possess the amino terminal histidine, while the small chain fraction

possesses one component, readily separable from the rest by chromatography,

which contains a blocked amino terminal, tentatively identified as acetyl

serine. In addition, the small chain fraction possesses amino terminal

alanine, about six-tenths of a mole per mole of small chains, and a minor

amount, about 0.1 mole, of either aspartic or glutamic acid. Disc gel

electrophoresis of the small chains shows the presence of two major and

two minor components. With the high recovery of N-terminal alanine it

must be assumed that two of the four components have amino terminal alanine
and the other two recognized N-terminal structures account for the other
two components.

Myosin from human blood platelets:
Starting with human platelet concentrates, two myosin-like proteins have
been isolated. Both proteins, like myosin, have ATPase activity that is

stimulated by Ca""""*" and EDTA and inhibited by Mg+'''. Both proteins bind
to rabbit skeletal actin and are released by Mg-ATP. In the details of

their enzyme activities these two proteins resemble smooth muscle myosin.
The two proteins differ in molecular weight. On disc gel electrophoresis
in the presence of sodium dodecylsulfate the heavier of the two proteins,
coelectrophoreses with the heavy chains (200,000) of rabbit skeletal
myosin. The lighter of the two proteins shows a subunit molecular weight
of about 100,000 in the same electrophoretic system.

Electron microscopic confirmation of structural similarities to myosin has
also been obtained. The heavier of the platelet proteins forms aggregates
at low salt concentration which are similar to the "thick filaments"
formed by muscle myosin. Moreover, the lighter species forms the
"arrowhead" structures with rabbit skeletal actin characteristic of the
interaction of skeletal muscle heavy meromyosin and actin.
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Annual Report of the

Section on Cellular Biochemistry and Ultrastructure
Laboratory of Biochemistry

National Heart and Lung Institute
July 1, 1970 through June 30, 1971

Research has continued in the three related areas of: 1) the molecular and
ultrastructural basis of movement in motile, non-muscle cells, 2) the bio-
chemistry and ultrastructure of the plasma membrane, and 3) phagocytosis and
pinocytosis . In general the soil amoeba, Acanthamoeba castellanii , has pro-
vided the experimental material but none of the phenomena under study is

unique to amoebae . The amoeba does provide a readily cultured, homogeneous
population of cells which are relatively highly motile, which are nutrition-
ally exclusively dependent on phagocytosis and pinocytosis, and which may
have a simpler plasma membrane than mammalian cells .

(1) The analogy between amoeba actin (obtained as a pure protein last year
in this laboratory) and muscle actin has been developed further by demonstra-
ting major similarities in the amino acid composition of three of the peptides
produced by cleavage of each protein by cyanogen bromide. One of these, the
peptide that contains the unusual amino acid 3-methylhistidine, may have
identical amino acid composition in the amoeba and rabbit actins .

We have now purified some 200-fold an amoeba ATPase with enzymatic properties
essentially identical to those of muscle myosin; i.e., a K , EDTA-stimulated
ATPase that is also active as a Ca -ATPase but which is inhibited by Na and
Mg . The amoeba ATPase is activated 30-fold by the addition of muscle actin
in the presence of Mg"^. Although myosin-like ATPases have previously been
found in other motile cells this is the first instance in which it has been
possible to show activation of a non-muscle ATPase by actin. A very interest-
ing observation has been that the amoeba ATPase seems to have a molecular
weight of about 130,000 which is much lower than the molecular weights of all
other myosin-like ATPases (about 450,000) . This difference may explain the
inability thus far to demonstrate the presence of thick, myosin-like filaments
in the amoebae. Thin, actin filaments are present.

The biochemical and ultrastructural studies with the Acanthamoeba have pro-
vided some of the strongest evidence for the fundamental similarities
between the processes of cell motility and muscle contraction.

(2) Last year we reported the procedure for the isolation of highly purified
amoeba plasma membranes which contain a very active alkaline phosphatase, and
described the ratio of lipid to protein and the composition of the phospho-
lipids, sterols and glycerides . We have now found that the amoeba plasma
membrane contains a uniquely high concentration of non-lipid phosphorus
(1 |imole/mg protein) and a very high concentration of carbohydrate (at least
1 nmole of "glucose" equivalents /mg protein) . The delipidated membrane has
been fractionated into a high molecular weight fraction which contains all of
the carbohydrate and non-lipid P and a small percentage of the protein, and
a low molecular weight fraction which contains only protein. The protein
fraction seems to contain relatively few components (only two or three bands
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are seen in polyacrylamide gel electrophoresis of the whole membranes) none

of which has a molecular weight greater than 15,000 and half of which have

molecular weights less than 5000 by the usual criteria. The carbohydrate

contains glucose, mannose, xylose, and several unidentified sugars. The

polymer that contains the non- lipid P has not been identified but the P is

not released upon hydrolysis in 3N HCl at 100° for 3 hours .

As originally speculated from functional considerations, it now seems probable

that the amoeba plasma membrane is indeed much simpler in protein composition

than the corresponding membranes of mammalian and bacterial cells and thus

may provide a very useful system for establishing the molecular organi7.ation

of a biological membrane.

(3) Both the plasma membrane and the motile process are involved in endo-

cytosis . Recent biochemical and ultrastructural studies have confirmed our

previous impression that solute molecules enter the amoeba only by pinocytosis

The magnitude of this continuous process is such that we estimate from bio-

chemical and electron microscopic data that the amoeba surface membrane turns

over approximately once a minute. Scanning electron microscopy has yielded

striking three dimensional images of the amoebae, illuminated the mechanisms

by which they capture particles during phagocytosis, and shown the relation-

ship of the amoeba to the substrate during motion.
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Project Title:

Serial No. NHLI- 130
1. Laboratory of Biochemistry
2. Section on Enzymes
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Regulation of Bacterial Purine and Pyrimidine Base and
Nucleoside Utilization

Previous Serial Number: NHLI -200

Principal Investigator: Joy Hochstadt-Ozer

Other Investigators: None

Cooperating Units: Cashel, NINDS
Levinthal, NIAMD

Project Description:

Objectives: Previous studies from this laboratory indicated that phospho-
ribosyltransferases (PRT'ases) in Bacillus subtilis might be involved in

purine uptake. Isolation, characterization, and study of regulation of
adenine PRT'ase in E. coli showed that this enzyme is membrane-associated,
can be released from the pericytoplasmic space upon osmotic shock of
viable cells, is responsible for adenine transport by a group translocation
mechanism and that both PRT'ase activity and uptake are regulated by 5'

nucleotides. The present project is concerned with extending the studies
so far concentrating on adenine toward the elucidation of the mechanism,
regulation and coordination of all nucleic acid precursors, and to examine
the genetic and membrane topographic and/or functional interrelationship of
the carrier and/or enzymes responsible for the control, uptake and utili-
zation of nucleotide precursors. This system seems furthermore to be ideal
as a model for study of nascent membrane functional units as appropriate
genetic reagents and reconstitution techniques are being developed in it.

Major Findings:

Adenine Phosphoribosyl transferase : Regulation by combinations of
nucleotides: A variety of combinations of two '5 nucleotides were tested
to determ.ine possible cooperativity between effectors. 6-OH nucleotides
could antagonize the effect 6-NH nucleotides to a small but significant
extent. The mechanism of antagonism appeared to be by competing at the
same inhibitory site (possibly the catalytic site since '5 nucleotides each
inhibit by competing with the substrate PRPP)

.

Guanine Hypoxanthine-Xanthine Phosphoribosyltransferase(s ) : Further
purification of a several hundred fold-purified enzyme preparation on

Ecteola-Cellulose, has led to the identification of at least three protein
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peaks each exhibiting all three phosphoribosyl activities. Since these

activities were not separable by gel filtration chromatography they appear

to have similar molecular weights. Genetic analysis to determine whether

these represent modified forms of a single gene product or separate gene

products are in progress. Each peak of activity is being analysed for

possible differences in enzymatic and regulatory behavior. Major differences

have not been observed with respect to hypoxanthine as substrate. Studies

to determine differences with respect to guanine, xanthine, 8-azaguanine,

and 6 Mercaptopurine as substrate are in progress.

Mutants of Purine Utilization . Though analog resistant mutants of

purine utilization have been reported for E. coli these have been found to

be unstable and to revert to PRT'ase activity unless maintained on the

selective medium. The occurrence of the several (possibly interconvertable)

PRT'ase forms may contribute to this genetic "instability" in E. coli .

Neither drug selection alone nor purine plus penicillin selection produced

stable mutants from either normal or mutagenized stocks. Combination of

drug resistance, purine-penicillin selection and screening by replica plating

of mutagenized cells in sequence is currently being employed as a means of

selecting double or triple mutants should such multiple mutations be requi-

site to loss of a purine PRT'ase activity. Alternatively use of phage

transduction for the construction of an appropriate deletion if the PRT'ase

determinants are clustered has been undertaken in collaboration with
Dr. Mark Levinthal, Laboratory of Molecular Biology, NIAMD. For this, a

Salmonella typhimurium strain carrying a deletion in the Proline A B region

in which 8-Azaguanine resistance was fortuitously found, was chosen as

starting material. Under appropriate conditions hypoxanthine uptake levels

and PRT'ase levels in this strain are consistent with the PRT'ase function-

ing in utilization in a manner similar to that found for E. coli . Charac-
terization of Salmonella enzyme and its interspecific transfer to E. coli

may provide a means of genetic analysis without loss of PRT'ase activity.
The possibility that purine PRT'ases represent an essential function in

E, coli is thus being considered, and in addition to utilization of

Salmonella reagents, conditional lethal mutants are being sought in E. coli .

Mechanism of Uptake of Adenosine and Inosine . The mechanism of uptake
of adenosine (and inosine) was studied in isolated membranes and found to

have two steps: 1) Cleavage to adenine (and hypoxanthine) and ribose-1-P
by nucleoside phosphorylases and 2) Group translocation by adenine (hypo-
xanthine) phosphoribosyltransferases. Though the kinetic and regulatory
parameters of the adenine and hypoxanthine systems differ markedly from one
another, the response to any effector or rate limiting condition for adenine
(hypoxanthine) uptake was identical to its effect on adenosine (inosine)
uptake. 5' Nucleotides are inhibitors in both systems.

Mechanism of Cytosine, Cytidine, Uracil, and Uridine Uptake . Uracil
PRT'ase seems to be involved with uracil uptake by a mechanism similar to
adenine uptake. Cytosine PRT'ase is lacking in E. coli and cytosine is
probably taken up as uracil. Cytidine and uridine uptake do not follow
cytosine and uracil uptake as identically as adenosine and inosine uptake

53^



Serial No. NHLI- 130

follow adenine and hypoxanthine uptake, respectively. Nucleoside phospho-

rylase for cytidine was found to be lacking in our strain of E. coli .

'5 Nucleotides are inhibitors of all nucleoside and base uptake by purified

TT.embranes, however.

E ffect of ppGpp on Uptake and Enzymes of Nucleic Acid Precursors

Metabolism and Interconversion . The production of ppGpp ("Magic Spot") by

stringent strains of E. coli and its effect, inhibition of RNA synthesis,

has been well established by Dr. Cashel in the Laboratory of Molecular
Biology, NINDS. Dr. Cashel, in collaboration with the laboratory of

Dr. Ira Pastan, has recently found ppGpp exerts a regulatory effect on

protein synthesis in vitro . Possible coordination of regulation of gene
action and of existing enzymatic activities by this compound in effecting
complete control of nucleic acid synthesis has been studied by determination
of its effect on uptake of bases and nucleosides and enz3mies of nucleotide
synthesis and interconversion. PpGpp is a potent inhibitor of adenine,
adenosine, hypoxanthine, inosine, guanosine, and uridine uptake but not
uracil, cytosine, and cytidine uptake. It is a potent inhibitor of adenine,
guanine, and hypoxanthine PRT'ase activities but not purine nucleoside phos-
phorylases. It is an inhibitor of adenosine deaminase and uridine phosphory-
lase but not uracil PRT'ase. The level of inhibition on guanine utilization
or prevention of deamination of intracellular adenine derivatives (otherwise
convertable to guanine nucleotides) when compared with intracellular ppGpp
levels in stringent cells deprived of an essential amino acid can adequately
account for immediate cessation of nucleic acid synthesis in such cells.

Dual Isotope Experiments . Commercial availability of uniformly labeled
^^C bases and nucleosides with specific activities greater than 10 times
that commercially available at the beginning of this project (1968) have
permitted the following experiments to be performed. Membrane vesicles were
preloaded with either ^h or ^'^C adenine, adenosine, or hypoxanthine. Then
membranes were washed free of extravesicular tracer and incubated with ^^C
or -^H adenine, adenosine, or hypoxanthine and PRPP. The results indicated
that extravesicular labeled material is preferred to the preloaded material
as a substrate for phosphorylation ("5 nucleotide synthesis).

Significance to Bio-Medical Research: This project investigates the nature
and regulation of structure-function-relationships of cell membranes as
involved in purine and pyrimidine utilization. Understanding of this
organelle possessed by all living cells (and known to be altered in a number
of pathologic states), is essential for a conceptual framework of cell
function, both normal and pathologic. The experimental program utilizes
enzyme-transport systems capable of assay both in situ (transport activity)
and as homogeneous proteins in aqueous solutions (catalytic activity).
Such independent assay, in the complex milieu of the membrane and in iso-
lation has the advantage of allowing comparison of the properties of mem-
brane components in the biological as well as in well defined environments
while experimentally preserving the ability to monitor retention of at
least one biologic function in either environment. The enzyme -trans port
systems themselves are those involved in utilization of nucleic acid
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precursors and deficiency of one of them (hypoxanthine system) has been
identified in man (Lesch-Nyhan Syndrome). The multiple clinical anomalies
associated with absence of the hypoxanthine phosphoribosyltransferase
(previously thought to act in a "salvage" capacity only) indicates the

necessity of a further research into the role recycling of nucleic acid
precursors play In the cell economy.

Proposed Course of Project:

A. EnzjTnes, Membranes, and Transport. Characterization of the multiple
peaks of PRT'ase activity for each purine will be continued to determine
the genetic or chemical determinant(s) conferring such differentiability.

B. Role of the PRT'ases in purine transport. Conditions will be determined
to control the amount of PRT'ase associated with membrane vesicles during
membrane isolation. The amount of enzyme and its state of association with
the membrane will be correlated with the PRT' as e -membrane interaction neces-
sary to carry out transport.

C. Reconstitution experiments. The ability of isolated enzyme to stimulate
transport when added to isolated membrane vesicles and intact cells will be
evaluated. Attention will be paid to the conditions necessary for such
reconstitution. These experiments, where initial attempts to remove con-
siderable PRT'ase from membranes, will precede reconstitution, should com-
plement experiments mentioned above in B. Purified enzyme will also be
reacted with membranes prepared from mutants lacking PRT'ase and uptake
activity in an attempt to confer these functions on such mutant membrane
preparations.

D. Comparative enzymology of PRT'ase derived from sonically disrupted cells
and isolated from membrane vesicles. Using a number of specific probes useful
in determining protein structure and reactive groups (e.g., -SH reagents,
tryosine reagents, lysine reagents, acetylation) , the nature of PRT'ase-
raembrane association will be investigated. The protection to various rea-
gents, conferred by membrane-enzyme association or conversely heightened
reactivity for (a) PRT'ase activity, and (b) transport, will be investigated.
The effect of nucleotide inhibitors on these interactions will be subse-
quently studied. Serological techniques will also be employed in evaluation
of the nature of the membrane-PRT' ase interaction. Antibody to purified
soluble enzyme will be prepared and cross-reaction patterns between soluble
enzyme in various states of subunit interaction, and association with the
membrane will be studied. Conversely antibody to membrane vesicles and
partially purified enzyme derived from the membranes will be prepared and
exhaustively absorbed with soluble enzyme that has been subjected to the
entire purification procedure. The ability of the preabsorbed antisera to
alter purine transport and/or membrane PRT'ase activity would serve as indi-
cation of other factors involved, in addition to the PRT'ase itself (as
purified)

.
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E. Genetic relationships. The genetic studies in progress outlined above
will be continued in hopes of constructing a series of mutants for purine
utilization which will be used as reagents for further study of mechanism .

and regulation of membrane plus enzymes in the uptake process. The genetic n
and enzyme analysis of such mutants with respect to membrane and soluble i

enzymatic activity, the ability of the soluble enzyme to associate with
wild-type membranes and vice versa should provide insight into the genetic
control of membrane-enzyme interaction, transport, and the variety of genetic
events by which such control may be achieved. The variety of genetic mech-
anisms will be ascertained by appropriate mapping experiments using trans-
duction in Salmonella and by use of a combination of transduction and con-
jugation in E. coll . The PRT'ase and uptake activities of a variety of
appropriate strains carrying suitable genetic markers to act as recipient
and/or donors of genetic material in such experiments have already been
characterized in preparation for this line of experimentation.

F. Biosynthesis. The appearance of enzyme as soluble versus membrane bound
will be studied utilizing a variety of techniques. Pulse-labeling of cellu-
lar protein will be employed as one approach. Determination of the specific
activity of radioisotope in PRT'ase purified from membrane vesicles and
from the pericytoplasmic space after subjecting intact cells to osmotic shock
treatment should indicate whether the partitions that have been observed to
date are random or whether they have a biological basis related to "age" or

enzyme molecules. Another approach to the biogenesis of membrane enzymes
involves enzyme induction. Since purine PRT'ases have been found to be

induced significantly upon "forcing" cellular dependence on them, the
appearance of membrane-associated PRT'ase activity under these conditions
will also be studied by pulse labeling techniques. Attempts can then be
made to correlate enzjmie appearance with other concomitant biosynthetic pro-
cesses in the membranes (e.g., phospholipid composition and turnover,
assuming appropriate controls will be developed). Mutants requiring an '

unsaturated fatty acid such as those developed by R. Vagelos have been used
to correlate membrane phospholipid synthesis with the appearance of sugar
transport function and can be also used to study appearance of purine(pyri-
midine) transport function. t
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Project Title: Studies on the 3-Lysine Mutase Complex

Previous Serial Number: none

Principal Investigators: John J. Baker
Chris van der Drift

Other Investigator: T.C. Stadtman

Project Description :

Objectives: 6-Lysine mutase is a complex enzyme system that consists
of a cobamide protein of M.W. 160,000 and a smaller protein of M.W. 60,000.
Hie reaction catalyzed by this complex is L-g-lysine ?^ L-erythro-3,5 diamino-
hexanoic acid. The cofactors required for activity of this complex are a B12
coenzyme, dithiothreitol , magnesium, a monovalent cation, ATP, and pyruvate.
The roles of ATP and pyruvate in the action of this enzyme complex are not
understood. Consequently the major objectives are to elucidate the role of
these cofactors and to purify the protein components to homogeneity.

Major Findings :

B-Lysine mutase activity was measured by the acid ninhydrin procedure
of Chinard. Since this assay is long and cannot readily measure initial
rates, a spectrophotometric assay was developed by coupling the 3-lysine
mutase reaction with 3,5-diaminohexanoic acid dehydrogenase to form DPNH

,

3-keto-5 aminohexanoic acid, and ammonia from 3,5 diauninohexanoic acid and
DPN. The dehydrogenase was partially purified from the C_^ sticklandii
extracts until free of DPNH oxidase activity. The purification steps were
ammonium sulfate, G-25, DEAE cellulose and hydroxylapatite. In addition
the components of the 3-lysine mutase complex were purified from the same
extract. The cobamide protein comes off the DEAE column about 50% pure.
The smaller component was found in a different salt fraction and has been
purified by DEAE cellulose chromatography. This smaller component catalyzes
the activation of the cobamide protein by ATP. Some cobamide protein fractions
give excellent initial rates in the spectrophotometric assay without ATP,
but rapidly lose their ability to convert 3-lysine to 3,5-diaminohexanoic
acid unless ATP and the smaller protein component are present.

The role of pyruvate in the function of the enzyme complex is unknown.
tiaBtii^ (10-*^ M) , hydroxylamine (10-5 M) , and phenylhydrazine (10"^ M) are
potent inhibitors of 3-lysine mutase. Preliminary experiments in which the
enzyme was reduced with tritiated NaBH^ followed by acid hydrolysis have
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shown that several tritiated products were obtained. Unlike several other
eniymes that contain electrophilic centers, neither lactate or alanine
were products of the reduction.

Proposed Course of Action:

Future experiments will be concerned with the further purification
of the protein components involved in the g-lysine mutase complex. In
addition, the electrophilic center will be labeled with tritium and/or
I'^C, the protein will be hydrolyzed by both acid and protolytic enzjones,
and the electrophilic center identified. Experiments with l^C and 32p

labeled ATP may determine why ATP is required for the enzyme to turnover.

3*4/



(
Serial No. NHLI-i32
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-FriLI

Individual Project Report
July 1, 1970 through June 1, 1971

Project Title: Genetics of E^. coli Glutamine Synthetase

Principal Investigator: Mary Anne Berberich

Other investigators: none

Project Description :

objectives: Genetic studies on the glutamine synthetase enzyme
system in E^. coli have been initiated to further elucidate the relationships
among the enzymes involved in nitrogen assimilation in this organism. Since
the end products produced by each of the enzymes involved, as well as the
concentration of inorganic nitrogen in the growth medium, influence the
activity and, in some instances, the amount of enzyme produced, these
studies were undertaken with a view toward determining whether there
exists some regulatory system for this group of enzjnnes which operates at
the genetic level.

Major Findings:

A strain o f E^. coli K]^2 which is prototrophic, streptomycin resistant
and non-permissive was chosen as the parent strain. By a combination
of mutagenesis with diethylsulfate and penicillin selection techniques,
a group of mutants with desirable growth requirements have been isolated
and this group is currently being characterized as to their enz^Tnic

defect

.

Proposed Course of Research:

In particular, the relative positions of glutamine synthetase,
glutaminase, glutamate dehydrogenase and glutamate synthetase on the E. coli
chromosome will be studied by transduction and mating techniques. The
first stage of this research project is currently in progress, namely,
the selection of mutants minus or defective for the above enzymes to be
used in mapping studies.

Attempts are also being made to screen for suitable specific-type
inhibitors of glutamine synthetase which would make it possible to select
for constitutive mutants. These types would be useful as well in this
laboratory's biochemical work both for production purposes and for studies
of protein structure.

It is hoped that enough mutants will be obtained for glutamine
synthetase so that a fine structure genetic analysis may be carried out and
compared with the biochemical evidence which suggests that the structural
subunits of this protein are identical.

1 J^i



Serial No. NHLI-133
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: A Dithiol Dehydrogenase of Clostridium sticklandii .

Principal Investigator : Lauren M. Cagen

Other Investigators: T.C. Stadtman

Cooperating Units: none

Project Description :

Objective: A dithiol dehydrogenase has recently been discovered in

extracts of C. sticklandii . This enzyme differs from a previously reported
mercaptan dehydrogenase in this organism in being specific for dithiol
compounds. This enzjone will be purified and characterized.

Maj or Findings

:

The reduction of tetrazolium dye by dialyzed extracts of C^. sticklandii
is greatly stimulated by FAD and by a dialyzable cofactor present in boiled
extracts. FMN does not substitute for FAD. The enzjone will reduce added
FAD in the absence of tetrazolium dye. The cofactor in boiled extracts
does not seem to be a metal, but hasnot yet been identified. KCN also
stimulates the reduction of tetrazolium dye. It has not been established
whether this stimulation is due to chelation of an enzyme bound metal,
discharge of an enzyme per sulfide group, or to some other activity of the

cyenide. Preliminary purification experiments with DEAE cellulose, poly-
crylemide gel, and ammonium sulfate have been carried out.

Proposed Course of Action :

The enzyme will be further purified and characterization of the

cofactor(s) in boiled extracts will be undertaken. The nature of the cyanide
stimulation will be studied as well substrate specificity and ability of

the enzyme to link DPNH oxidation to amino acid reduction by £. sticklandii
extracts. It will be seen whether the dithiol dehydrogenase is distinct
from the DPNH dehydrogenase also present in these extracts.

s

U fD
5 3
U O
3 —

'

3

1

Part B No

3¥3

PMPW"*^"



i

^
Project Ticie:

Serial No. NHLI-134
1. Laboratory of Biochemistry

2. Section on Enzymes
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July ], 1970 through June 30, 1971

1) Methionine Biosynthesis and its Regulation in Fungi and

Bacteria,

2) Mechanisms of Pyridoxal Phosphate Enzyme Catalyzed
Elimination and Replacement Reactions.

3) Microbial Genetics of Microtubular Proteins and their

Assembly.

Previous Serial Number: NHLI-i-98

Principal Inv/estigators: Martin Flavin
Michael Savin

Other Investigators:

Collaborating Units:

Project Description:

Clarence Slaughter (technician)

J. Selhub and W. Sakami, Dept. of Biochemistry,
Western Reserve Medical School; T. Fukasawa and
K. Kurahashi, Institute for Protein Research,
Osaka University

Objectives: Many amino acids have additional functions besides serving as
building blocks for protein but methionine is conspicuous in this respect.
It contributes to membrane phospholipid, in the form of the methyl groups of
choline, as much as to protein, and in addition is a source of polyamines,
a general methylating agent, via adenosylmethionine, and the initiator of
protein synthesis. It would then not be surprising if the regulation of
its synthesis were to reveal some unusual features. Previous work in this
laboratory has shown that the synthesis of homocysteine, the immediate
precursor of methionine, is accomplished in 3 sequential steps, which differ
slightly in different microorganisms, and are catalyzed by: a) homoserine
transacylase, utilizing succinyl CoA in Salmonella and acetyl CoA in
Neurospora ; b) cystathionine /-synthase; and c) p-cystathionase. Our
objective is to complete the characterization of these enzymes and deter-
mine the mechanisms by which their synthesis and activity is regulated.
Cystathionine 7-synthase, which has been isolated in pure form from
Salmonella , is a pyridoxal-P enzyme which catalyzes a unique spectrum of
elimination and replacem.ent reactions, and is being used to study the mech-
anisms of these reactions. A new objective is to obtain microbial mutants
with alterations in the primary structure of their microtubular proteins,
and eventually to study the structure and assembly of this organelle.

3^^
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Major Findings:

Nine genes are known in Neurospora , mutation in which results in a

nutritional requirement for methionine. As reported last year, extracts
of mutants corresponding to 4 of these genes lack cystathionine synthase
activity. Two of these mutants (me-3 and me-7) respond, as expected, to

cystathionine as well as methionine. The others (me-1 and me-6) respond
only to methionine and their extracts have additional deficiencies: me-1
lacks methylene tetrahydrofolate reductase activity, and me-6 lacks the
folate polyglutamate derivatives needed for the non-Bj^o homocysteine
transmethylase. The puzzling absence of cystathionine synthase activity
from the latter 2 mutants has now been explained by the discovery that
this enzyme activity is completely dependent on the presence of polyglu-
tamate derivatives of N^-methyltetrahydrofolate. This allosteric acti-
vation serves to prevent over-production of homocysteine in the absence
of the methylfolate needed for its conversion to methionine; methylfolate
also antagonizes the allosteric inhibition of cystathionine synthase by
S-adenosylmethionine. It is noteworthy that in Neurospora it is the
second enzyme of the homocysteine synthetic pathway that is subject to
regulation.

4

Last year cystathionine synthase was reported to be absent from
extracts of some species of Neurospora ; these extracts have now been found
to have activity when methylfolates are added. The intermediary role of
cystathionine in methionine synthesis in yeast is still uncertain. We
have now found significant cystathionine synthase activity in extracts of
yeast protoplasts, but the reaction is not affected by addition of methyl-
folates and is much slower than the direct formation of homocysteine from
acetylhomoserine and sulfide. The latter 2 reactions are catalyzed by
the same enzyme, as in Salmonella and in contrast to Neurospora .

The regulation of homocysteine synthesis in Salmonella has been rein-
vestigated in relation to the questions: do methylfolates play any role,
and can any clue be obtained as to why the first enzyme of the pathway
appears to be uncontrolled in Neurospora . The results have not so far
answered these questions. In Salmonella the first enzyme, homoserine
trans-succinylase, is subject to synergistic end product inhibition by
methionine + S-adenosylmethionine. It is of interest that the synergism
is not observed in the absence of succinyl CoA, i.e. when the activity is
assayed by an alternate reaction involving the exchange of labeled homo-
serine into succinylhomoserine. New procedures allowing precise measure-
ment of the trans-succinylase in crude extracts have enabled us to rein-
vestigate the regulation of the synthesis of the 3 enzymes of the pathway.
A mutant lacking S-adenosylmethionine synthase, scored as resistant to
ethionine, was first identified in Neurospora in this laboratory. A
similar E. coli mutant has been shown by others to be constitutive for the
second and third enzymes, and we have shown that this is also the case for
the first enzyme. The question of whether S-adenosylmethionine, or some-
thing derived from it, it also the corepressor for all 3 enzymes in
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Salmonella is unresolved as we have not yet identified a mutant lacking
S-adenosylmethionine synthase in this organism. Other results suggest
that the mechanism regulating the synthesis of the first enzyme differs
from that for the second and third in Salmonella . When the growth rate of

a mutant which responds to either methionine or vitamine B,^ is slowed in

a chemostat by limiting the concentration of methionine the second and
third enzymes are derepressed in a normal fashion, but it is virtually
impossible to derepress the trans-succinylase. This result is not observed
with vitamin B12 limitation, suggesting that exogenous methionine is a

preferential source of a component involved in controlling the synthesis of
the trans-succinylase. Two possibly related observations are that trans-
succinylase activity is much reduced in stationary phase cells of wild type
grown on minimal medium, and that the second and third enzymes are dere-
pressed in mutants lacking the first.

In collaboration with colleagues at the University of Osaka, where the
senior investigator spent 2 months as a guest of the Naito foundation, a
study was begun of the role of S-adenosylmethionine in the processes of
host DNA modification and restriction, utilizing bacterial mutants which
have alterations in S-adenosylmethionine synthase.

The feasability of using fungi for genetic and chemical studies of
microtubular proteins was explored. Colchicine binding protein was not
detected in extracts of Neurospora or yeast. Colchicine and colcemid
(10~-^ M) did not prevent meiotic division in Neurospora . In preliminary
experiments, the vegetative growth of Neurospora (wild type and a mutant
with apparently generally increased permeabilitj') > Saccharomyces , and
Schizosaccharomyces was not inhibited by: colchicine, colcemid, vinblastin,
podophyllotoxin, or griseofulvin. In view of these results we have under-
taken to aquaint ourselves vjith the genetics of Chlamydomonas . a micro-
organism with abundant extranuclear microtubules.

Proposed Course of Project:

The principle problems in homocysteine synthesis in Neurospora are to
understand why it is the second enzyme in the pathway that is subject to
metabolic control, and to elucidate the chemical nature of cystathionine
synthase, in particular to determine whether the latter consists of a very
weakly associated aggregate of 2 proteins coded by the me-3 and me-7 genes,
one of which might have a purely regulatory function, or whether one of
the proteins is cystathionine synthase and the other an enzyme which acti-
vates it, perhaps by methylation (allosteric inhibitor and activator are
both reactive methylating reagents).

It may not be possible to pursue Project 2 during the coming year.
There are 2 problems of particular interest at this stage (see last year's
report by B. Posner) . The capacity of cystathionine 7-synthase of
Salmonella to catalyze the stereospecif ic or stereoselective exchange of
OL and p hydrogens in many amino acids, particularly diastereoisomeric
amino acids, provides an opportunity to define the geometry of the active
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site and the steric course of pyridoxal-P catalyzed reactions in general.
The second relates to the observation that in the reaction succinylhomo-
serine -• a-ketobutyrate there is partial direct transfer of both a and p
hydrogen to carbon 4. A study of the conditions under which either the a
or the p transfer will prevail over the other should illuminate the nature
of the general base group(s) which attack these protons and the route by
which the latter reach carbon 4.

We plan to search for Chlaymydomonas mutants in which either cell
division or flagellar regeneration is resistant to inhibition by, or
dependent on, colchicine and related substances. These mutants should
have either altered apparatus for assembling microtubules or, hopefully,
alterations in the structure of the colchicine binding protein. We hope
also to devise improved methods for the assay and isolation of microtubular
proteins through affinity labeling and chromatography.

Publications

:

1. Kerr, D. S.: 0-Acetylhomoserine and sulfhydrylase from Neurospora :

Purification and consideration of its function in homocysteine and
methionine synthesis. J. Biol. Chem. 246: 95-102, 1971.

2. Selhub, J., Savin, M. A., Sakami, W. , and Flavin, M. : Synchronization
of converging metabolic pathways: Activation of the cystathionine /-synthase
of Neurospora crassa by methyltetrahydrofolate. Proc. Nat. Acad. Sci. 68 :

312-314, 1971.

3. Guggenheim, S. and Flavin, M. : Cystathionine 7-synthase from
Salmonella : Spectral changes in the presence of substrates. J. Biol,
(in press, June 1971).

Chem.

4. Flavin, M. : Alternate pathways of methionine biosynthesis and their
regulation. Tanabe sjrmposium on amino acid metabolism (in press, 1971).

Abstracts:

1. M. A. Savin and M. Flavin: Regulation of homocysteine biosynthesis in
Salmonella . Proc. Amer. Soc. Biol. Chem. (in press. May 1971).
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Serial No. NHLI-135
1. Laboratory of Biochemistry

2. Section on Enzymes
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Enzyme Structure and Mechanisms of Action and Control

Previous Serial Number: NHLI-199

Principal Investigator: Ann Ginsburg

Other Investigators: S. Barbara Hennig
Carlos E. Caban
John B. Hunt
Mary Anne Berberich
Joseph E. Ciardi

Cooperating Units: P. D. Ross, D. M. Segal, and D. R. Davies, NIAMD

Project Description:

Objectives: 1) To study the physical and chemical properties of glutamine
synthetase from Escherichia coli , particularly with respect to the corre-
lation of the structure and catalytic function of this enzyme, 2) To study
conformation and stabilization changes of a protein macromolecule effected
through the specific binding of small molecules, and the relationship of
such effects to enzyme catalysis and regulation. 3) To purify and study
the ATP-glutamine synthetase adenylyl transferase from E. coli , with emphasis
on the mechanism of action and the physical structure of this enzyme.

Major Findings:
1. Studies on the ATP: glutamine synthetase adenylyltransferase (ATase)
from E. coli (Principal Investigators: S. B. Hennig, C. E. Caban, and
J. E. Ciardi). Two active molecular forms of this enzyme were found: A
relatively small protein of /«-'70,000 mol. wt. appears to be derived fron a
protein of '^ 130,000 mol. wt. during purification and storage at 4°. In
collaborative studies with Drs. Wayne B. Anderson and E. R. Stadtman, it
was shown by co-purification, polyacrylamide gel electrophoresis and heat-
inactivation studies that the larger adenylyltransferase also possesses the
deadenylylating activity (DA) attributable to the P^-protein component of
the DA two protein (Pj and P^,) system. In addition, the Pj-ATase, but not
the smaller ATase, has appreciable L-glutamate (or L-glutamine) stimulated
ATP-PPj^ exchange activity. (The latter activity is presumably expressed
through an ability of the ATase to catalyze a partial as well as a complete
reversal reaction in the presence of Mg^^, ATP, pyrophosphate, and allos-
teric activator.) In preliminary dissociation studies, the P-r-protein
appeared to be composed of two subunits of unequal size. The inability of
the small active ATase to catalyze either Pj-DA or ATP-PP^^ exchange
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activities has suggested that a subunit other than the small ATase in the

P-,.-protein complex is necessary for the expression of these activities.

Whether or not the same catalytic site of the ATase when it is a part of the

Pr-protein complex is involved in both the attachment and removal of AMP
from glutamine synthetase (in adenylylation and deadenylylation reactions,

respectively) is unknown. (It is known that specific metabolities have

reciprocal effects on the adenylylation and deadenylylation reactions.) A
physical characterization of the two active molecular forms of ATase is in

progress

.

2. On the binding of effectors to glutamine synthetase of E. coli .

(2a) The binding of feedback inhibitors to glutamine synthetase was further

investigated by Dr. M. A. Berberich. The potential use of Sepharose-bound
glutamine synthetase (catalytically active dodecameric aggregates) or of

Sepharose-bound subunits (catalytically inactive) to study the interaction
of effectors with this proteins was explored more thoroughly. Due to non-
specific binding of all low-molecular weight compounds tested, it was con-

cluded finally that columns of Sepharose-bound protein could not be used to

study the specific binding of small molecules by the protein. Since
Sepharose-4B itself does not bind effectors, the non-specific binding ob-
served is a function of the Sepharose-protein matrix.

14
The binding characteristics of L- C-tryptophan in the presence of a

high level of AMP (0.01 M) and, conversely, of ^C-AMP in the presence of
0.01 M L-tryptophan to native glutamine synthetase was determined. The
results show that there is an interaction between these allosteric inhibitor
sites. Tryptophan at 10 mM concentration causes a 7-fold decrease in the
affinity of glutamine synthetase for AMP, which binds to twelve apparently
independent (non-interacting) sites. AMP at 10 mM, (but not at 1 mM) con-
centration causes a 3-fold decrease in affinity of the enzyme for
L-tryptophan. Although the binding of L-tryptophan by glutamine synthetase
remains cooperative with 10 mM AMP present, the number of L-tryptophan
binding sites appears to increase to > 12/mole enzyme. The changes in the
binding of L-tryptophan appear to be induced when glutamine synthetase is
> 707o saturated, with AMP; only 87o saturation of the enzyme with L-tryptDptian,

however, significantly lowers the enzyme affinity for AMP.

(2b) A calorimetric study of the interaction of Mn with glutamine synthe-
tase was performed by Dr. J. B. Hunt in cooperation with Dr. P. D. Ross
(NIAMD) . These results show that 2 protons are displaced from the enzyme
during the binding of each of the first twelve equivalents of Mn2+. One
proton is released instantaneously and the second proton is released in a
slow process that is first order with respect to time and has a half time
at 37° of 0.5-0.9 min or at 25° of 3-4 min. The slow thermal process may
be attributed to a conformational change in the protein that is associated
with an endothermic ^H of /^+ 3 kcal per mole subunit. The binding of
Mn to glutamine synthetase is largely entropy driven with AS 0^ +35
cal/degree/mole subunit. Approximately two protons also are released from
the enzyme for each equivalent of Mg^"*" bound. The kinetics of the slow
thermal process during the binding of Mn2+ (or Mg2+) were similar to those
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obtained by difference spectra measurements at 290.3 nm at either 37° or 25°.

The first-order rate constants for the protein conformational change at 25°

and 37° indicate that the heat of activation for this process is large

( '^ + 25 kcal per mole subunit) . Despite the rather large perturbations in

the tyrosyl and tryptophanyl spectral regions induced by the binding of Mn"^"*"

(or Mg^"^) to glutamine synthetase, these cations, (as also either Co or

Zn^"*") , have no detectable effect on the secondary or quaternary structure as

determined by circular dichroism (CD) and optical rotatory dispersion (ORD)

measurements (310-218 nm) . From CD and ORD measurements, it was estimated

that the a-helical content of native glutamine synthetase is r^ 377„; 6 M

guanidine-HCl converts the enzyme structure to 1007o random coil.

3. X-Ray crystallography of glutamine synthetase from E. coli (D. M. Segal

and D. R. Davies, NIAMD) . Glutamine synthetase preparations in extreme

adenylylation states (i.e. glutamine synthetase with one or twelve equiva-

lents of 3'-adenylyl groups per mole enzyme) have been provided. The

eventual growth of satisfactory crystals for X-ray analysis is anticipated.

Significance to Bio-Medical Research: The regulation and control of

enzymic activities jji vivo is of fundamental importance in cellular meta-

bolism. Through studies ^ vitro these processes can be understood more
fully. The study of structural changes that can be induced in a protein

macromolecule are important in understanding cellular processes on a mole-

cular basis.

Proposed Course of Project:
1. Studies of the binding of substrates and other effectors to glutamine
synthetase of E. coli will be continued. In particular^ allosteric linkage
between different effectors of the enzyme will be investigated. Direct
binding methods, measurement of proton release from the enzyme during metal
binding by micro-pH methods, micro-calorimetric experiments (in collabora-
tion with P. D. Ross, NIAMD), and possibly also NMR and epr studies will be
employed in these studies.

2. Differential sedimentation techniques will be standardized using the

Beckman Model E. ultracentrifuge in order to measure gross conformational
changes induced in macromolecules by various effectors. Simultaneously
induced micro-structural perturbations will be monitored by spectral,
optical rotatory dispersion, and circular dichroic measurements.

3. Physical-chemical properties of the active molecular forms of ATP:
glutamine synthetase adenylyl transferase will be determined by sedimentation-
equilibrium, isoelectric focusing, electrophoresis, standardized Sephadex-
gel filtration, and fluorescent techniques. Selective chemical modification
of the sulfhydryl groups (or other amino acid residues) of this protein will
be attempted in order to study structure-function relationships. Techniques
to dissociate the Pj -adenylyl transferase will be explored for the purpose
of studying the subunit structure and subunit reassociation.

4. Attempts will be made to isolate and characterize a 3' -5' cyclic
AMP-dependent protein kinase from E. coli .
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5. The X-ray crystallographic studies on glutamine synthetase by
Drs. D. M. Segal and D. R. Davies (NIAMD) will continue.

Publications:
1. Stadtman, E. R. , Ginsburg, A,, Ciardi, J. E. , Yeh, J., Hennig, S. B.

,

and Shapiro, B. M. : Multiple molecular forms of glutamine synthetase pro-

duced by enzyme catalyzed adenylylation and deadenylylation reactions.

Advan. Enz. Regulation 8: 99-118, 1970.

2. Ginsburg, A.: The preparation of 5'- C-adenylyl glutamine synthetase
of Escherichia coli , H. Tabor and C. W. Tabor (eds.), Methods in Enzymology ,

Vol. XVII Part A, Academic Press, Inc., New York and London, 1970, p. 927-

936.

3. Ginsburg, A. and Stadtman, E. R. : Multienzyme Systems. Ann. Review of

Biochemistry 39: 429-472, 1970.

4. Deuel, T. F. , Ginsburg, A., Yeh, J., Shelton, E. , and Stadtman, E. R.

:

Bacillus subtilis glutamine synthetase: Purification and physical charac-
terization. J. Biol. Chem. 245^: 5195-5205, 1970.

5. Anderson, W. B. , Hennig, S. B. , Ginsburg, A., and Stadtman, E. R.

:

Association of ATP: Glutamine synthetase adenylyltransferase activity with
the P-r component of the glutamine synthetase deadenylylation system. Proc.

Natl. Acad. Sci. (U.S.) 67: 1417-1424, 1970.

6. Hennig, S. B. , Anderson, W. B. , and Ginsburg, A.: Adenosine triphos-
phate: Glutamine synthetase adenylyltransferase of Escherichia coli : Two
active molecular Forms. Proc Natl. Acad. Sci. (U.S.) 67: 1761-1768, 1970.

7. Hennig, S. B. and Ginsburg, A.: ATP: Glutamine synthetase adenylyl-
transferase from Escherichia coli : Purification and properties of a low-

molecular weight enzyme form. Arch. Biochem. and Biophys. , 1971 (in press).
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I Serial No. NHLI-136

Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 1, 1971

Project Title: Zinc Induced Paracrystalline Aggregation of Glutamine
Synthetase

Principal Investigator: Richard Miller

Other Investigators: E.R. Stadtman
F.Z. Smyrniotis

Project Description :

Objectives: 1) The effects of zinc upon native glutamine
synthetase were studied using a kinetic spectrophotometric and spectro-
fluoromatic approach.

2) Purification and properties of glutamine-2-oxo-
glutarate aminotransferase, oxido reductase (glutamate synthetase).

Zinc induced spectral changes and zinc induced changes in TNS-
enzyme fluorescence provides evidence for a marked zinc induced change in
enzyme conformation.

Zinc may act either as an inhibitor or as an activator of glutamine
synthetase biosynthetic activity depending upon pH, ATP concentration
and Mg"^ concentration. Furthermore, it has recently been shown that
Zn++ can support y -glutamyl transfer activity of unadenylylated glutamine
synthetase.

Major Findings:

A previously unknown pathv/ay for glutamate synthesis has been
identified in Aerobacter aerogenes (tempest et^ al . , Biochem. J. (19V0)
117, 405).

glutamine + a-ketoglutarate + TPNH - TPN + 2, glutamate

The enzyme catalyzing this reaction has been purified to near homogeneity
from crude extracts of E. coli W. (NH^)2S04 acetone, heat and gel
filtration steps were employed in the purification. The protein gave
a single symmetrical boundary in the analytical ultracentrifuge (s20,w22S).
The molecular weight (750,000) was determined by ultracentrifugation'and
gel filtration. As isolated the enzyme was associated with approximately
one mole of flavin per 200,000 gms of protein. The bound flavin which
consisted of both FMN and FAD was reduced by TPNH but not by DPNH.

SS-x.
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The enzyme pH optimum was 7.8. The Km for a-ketoglutarate was 30

yM and for glutamine it was 170 ]M. Preliminary gorwth experiments
indicate that in batch cultures of E. coli w there is no relationship
between the level of glutamate synthetase and that of glutamine synthetase,
glutamate dehydrogenase or free NH^. Preliminary electron micrographs
indicate that glutamate synthetase is a large, multisubunit , spherical
molecule.

Coupled with glutamine synthetase, (Km for NH3 1.0 mM)
, glutamate

synthetase has the capacity to play an important role in NH3 fixation at
levels of NH3 far below those necessary for the fxinction of glutamate
dehydrogenase. Furthermore, the lack of correlation between levels of
glutamate synthetase and those of glutamine synthetase, glutamate
dehydrogenase and free NH3 in batch cultures and its low Km's for
substrates suggest that glutamate synthetase may be of major importance
in NH3 metabolism under all conditions.

Proposed Course of Action :

Studies are planned to elucidate further the kinetic and
physical properties of glutamate synthetase.

i
i
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Serial No. NFTT.T-I.S?
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on L-asparaginase in anaerobic bacteria

Previous Serial Number 226

Principal Investigator: J.M. Poston

Other Investigators: none

Project Description :

Objectives: Certain neoplastic tissues have been shown to be
adversely affected by invlvo administration of L-asparaginase. This
enzyme lowers the concentration of circulating L-asparagine causing the
neoplastic tissues to involute and die while normal tissues are unaffected.
The susceptible neoplastic tissues, unlike normal and unsusceptible
neoplastic tissues, do not possess an adequate L-asparagine synthetase system.
It was the objective of this study to isolate an organism which could serve
as an alternative source of an L-asparaginase, especially one that was
specific for L-asparagine and had no glutaminase activity. This would
permit the study of the effect of lowering circulating L-asparagine without
the complication of lowering the circulating glutamine as well.

Major Findings :

As was previously reported, an organism was isolated from soil by
enrichment with L-asparagine and glycerol. It possesses L-asparaginase
activity with an apparent K^ of 5 x 10~5 M and seems to have negligible
glutaminase activity. This organism, strain 7C1, grows well in a medium
containing 1% L-asparagine, 1% glycerol, 0.06 M potassium phosphate (pH 7.0),
trace metals, and made anaerobic by the addition of 0.03% Na2S. It also
grows well on sterile potato plugs either anaerobically or aerobically.
Dr. Charles Zierdt of the Clinical Pathology Department of the Clinical
Center, NIH, has tentatively identified 7C1 as a strain of Klebsiella
pneumoniae . Although this is a facultative organism, 7C1 grows best under
anaerobic conditions.

Extracts of the organism made by several methods were strongly active
and retained their activity upon storage at -20° C for long periods. The
activity is not affected by sulfhydryl reagents but there is marked inhibition
by high concentrations (0.01 M) of magnesium, potassium EDTA.
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The activity has been refractory to purification. This seems to be

due, at least in part, to increased lability upon purification. The

activity is precipitated between 30 and 40 percent saturation with

ammonium sulfate. It migrates in Sephadex G-150 columns as would be

expected for a protein of about 90,000 daltons. Ion exchange has not

shown any effect other than inactivation of the enzyme preparations.

Affinity chromatography effected striking purification but the

lability of the activity was high and, as yet, no satisfactory method of

stabilization has been found. Heicamethylene diamine was coupled to

Sepharose 4B following cyanogen bromide treatment of the gel. d (-)-3 -chloro-

succinamic acid (prepared from L-asparagine by treatment with nitrous acid

in the presence of sodium chloride) was coupled to the hexamethylene diamine

side chain yielding, thereby, L-asparagine attached to the gel through a

six-carbon spacer chain. Passage of crude extracts or partially purified

fractions with from 6 to 60 fold purification. Specific activities of

these preparations soon dropped to the original levels or lower.

Proposed Course of Action ;

Pending availability of new methods of purification and stabilization,

further work on this project has been terminated.

Part B No
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Serial No. NHLI-138
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: 1) Radioisotopic Assays for Glutamine Synthetase and

Glutaminase.
2) Regulation of Glutaminase Activity in E. coli

Previous Serial Number: none

Principal Investigators: Stanley Prusiner

Other Investigators: E.R. Stadtman
L. Milner

Project Description :

Objectives: 1. To develop a sensitive and rapid assay for measure-

ment of gluuamine synthetase and glutaminase activities.

2. To study the regulation of glutaminase activity in

E. coli.

Major Findings:

1. A very sensitive and rapid assay for glutamine synthetase and
glutaminase has been developed by separating glutamate from glutamine on

small columns containing dowex 1-Cl. The procedure has been shortened
from several hours to a few minutes by the design of a vacuum manifold
system which rapidly filters the sample over the ion exchange resin. The
assay has also been extended for the measurement of asparagine synthetase
and asparaginase activity.

2. Two glutaminases from JE. coli have been reported in the literature
previously with pH optima at 5 and 7. The relative amounts of these two
enzymes vary markedly in the four strains of E. coli examined: ML, W, K-12,
and B. Growth studies with E_^ coli B have shown that the pH 5 enzyme in-
creases markedly during stationary phase while the pH 7 is highest during
log and early stationary phase. These studies were complicated by the fact
that the pH 7 enzyme is cold labile and both glutamine and glutamate have a
profound activating effect on the catalytic activity of the pH 7 enzymes.
Preliminary experiments suggest the pH 7 enzyme gives highest activity in
crude extracts when the cells are CHO limited and have excess nitrogen
available. The enzyme has been purified more than 1700 fold. Glutaminase
requires glutamate and borate for stability at this stage of purification.
The pH optima is 7 with almost no activity at pH 5. Substrate saturation
studies 3how complex kinetics associated with cooperative phenomena.
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Proposed Course of Project:

1. Continue purification of glutaminase to homogeneity.

2. Physical and kinetic characterization of the purified enzjone.

3. Correlation of enzymic activity in crude extracts with NH3 and
glutamate levels of cells which can be varied depending on the growth
conditions and stage of harvest.

4. Determine whether adenylylation system affects the activity of
glutaminase.

5. Comparison properties pH 5 and 7 glutarainases.

6. Attempt to elucidate function of glutaminases by studying the
properties of the enzyme in the isolated and crude forms and by genetic
selection for mutations in the metabolism of glutamine.

Part a Yes

I
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Publications

1. Prusiner, S. and Milner, L. , A rapid radioactive assay for glutamlne
synthetase, glutaminase, asparagine synthetase, and asparaginase.

Anal. Biochem. 37.-' ^29-438, 1970.

2. Prusiner, S. , Milner, L. , Long, C.W. , and Myers, M. , Vacuum manifold
for rapid assay of enzymes using radioactive tracers and ion exchange
chromatography. Review of Scientific Methods, 1971 (in press).
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Serial No. NHLI-139
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 1, 1971

Project Title: Studies on Lysine Fermentation in Clostridia
The D-a-Lysine Pathway

Principal Investigator: J. Wai-Kuo Shih

Other Investigators: T.C. Stadtman

Project Description:

Objectives: It has been shown by this laboratory that Clostridium
sticklandii converts DL-ct-lysine to a mole each of acetate and butyrate
and two moles of ammonia. The cell suspensions utilize both isomers of

lysine as shown in Scheme I.

CH -CH2-CH2-CH2-C-COOH

NH, NH.

CH -CH -CH -COOH + CH -COOH

CH -COOH + CH -CH2-CH2-COOH

Scheme I

However, soluble enzyme preparations fail to produce acetate from carbons 5

and 6 of lysine (D-cleavage of Scheme I)

.

This investigator intends to study the metabolism of D-a-lysine in

this organism and particularly:

(1) The conditions required for effective fermentation of D-a-lysine

by cell free enzyme preparations.

(2) The systems involved in the utilization of 2,5-diamino hexanoate

which is the product of D-a-lysine mutase. This reaction is thought to be

the first step in the D-cleavage pathway.

Major Findings:

,14
(1) For the differentiation of the L- and D- cleavages 6-C -DL- -lysine

is used as substrate. Either D- or L- lysine can be used; presumably this

organism contains lysine racimase in excess. The ratio of Cl^-acetate to

Cl4-butyrate is a measure of the preference for the D-pathway. Wild-type

and a few small-colony mutants of Clostridium sticklandii were examined.
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Cell suspensions of small-colony mutant S3 and wild-type cultures

grovm on an arginine-lysine medium seemed capable of fermenting lysine by

the D-cleavage more readily than regular cultures.

(2) For simplifying the tedious assay of C-^^ acetate and C-'-'^ butyrate

as their hydroxmates, a revised method was employed. An acetokinase,

specific for acetic acid was used to convert only acetate to the nonvolatile
hydro>nnate. The ratio of residual radioactivity after reaction with aceto-

kinase and exhaustive evaporation to the total radioactivity in the original

sample is a measure of the acetic acid content of incubation mixtures. Thus,

C^^-acetate production from 6-cl^ lysine is an assay of the D-lysine pathway.

Proposed Course of Research:

1. Conditions and cof actor requirements favorable for D-cleavage
by the cell suspension system will be studied in more detail. Hopefully,
the information gained can be applied to soluble enzyme preparations. It

may be necessary to develop a revised technique of preparing cell free
systems.

2. Both 1-cl^ and 6-C-'-^-2 ,5-diamino hexanoate were prepared.
These labeled materials will be applied to the study of the further
metabolism of this compound and may help elucidate the defect in the
metabolism of D-lysine by cell-free system.

Part B No
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Serial No. NHLI-140
Laboratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: 1. Anaerobic metabolism of certain amino acids and other

nitrogen compounds with especial reference to the role

of Bi2 coenzyme and to electron transfer and

phosphorylation reactions involved.

2. Methane biosynthesis and one-carbon compound

metabolism.

Principal Investigator: T.C.Stadtman

Other Investigators: Colin G.D.Morley (Visiting Scientist, terminated

Sept. 30, 1970) B-a-lysine mutase studies,

David Turner (NIH Postdoctoral Fellow, terminated

Feb. 3, 1971) Glycine reductase studies.

H.Fu Rung (Visiting Scientist, terminated, Oct. 16,

1970). Nicotinic acid metabolism
James Shih (Visiting Scientist, see individual

report)
Chris van der Drift (Visiting Scientist, see

individual report)
John Baker (Postdocotral Fellow, see individual

report)
Laren Cagen (Postodoctoral Fellow, see individual

report)
Joseph N. Davis (Technical assistant and anaerobic

Laboratory operator)
Jay Jones (Technical assistant).

Cooperating units: Dr. Lin Tsai (Lab. Biochem. , Section on Enzymes, NHLI) go
Dr. J. Retey (Zurich, Switzerland)

Project Description :

Objectives: 1. Determination of mechanism of B]^2 coenzyme dependent

amino group migration reactions of the lysine fermentation. (a)

Purification and characterization of D-a-lysine mutase were carried out

jointly with Dr. Colin Morley. Continuation of studies on further metabo-

lism of D-a-lysine and 2 ,5-diaminohexanoate carried out by Dr. James Shih

in cooperation with Dr. Lin Tsai.

(b) Purification and characterization of g-lysine mutase were con-

tinued by Dr. John Baker and Dr. Chris van der Drift. Investigation of

roles of ATP and pyruvate are in progress.

2. Metabolism of nicotinic acid. . characterization of the Bi^2

coenzyme dependent step of the fermentation, and a subsequent isomer-

ization of methylitaconate to dimethylmaleate was carried out by
Dr. Hsiang-fu Kung in cooperation with Dr. Lin Tsai.

1 36/
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3. Nature of electron transport and phosphorylation process linked

to glycine reduction in Clostridium sticklandii. Purification of components
of the multienzyme system by Dr. David Turner. Purification of flavoprotein
electron transport protein by Dr. Laren Cagen.

4. Characterization of the menadione-dependent p-nitrophenyJ-
phosphatase of Cj_ sticklandii. Experimental work carried out by Joe N. Davis.

5. Isolation and identification of acidic peptide growth factor
required by wild type C^. sticklandii for growth. Experimental work carried
out by Jay Jones.

6. Mechanism of methane biosynthesis from formate by Me thanococcus
vannielii and from acetate by Methanosarcina barker! .

Major Findings:

1. Lysine fermentation reactions:

In addition to its participation in the overall amino group
migration reaction catalyzed by D-a-lysine tnutase, the cobamide protein
moiety of the enzyme complex catalyzes a slow pyridoxal phosphate and
Mg"*^ dependent exchange of hydrogen between water and the C-6-methylene
group of D-lysine. Several lines of evidence suggest that this exchange
reaction and the nigration of the amino group to the adjacent carbon
atom are related processes and that both require Schiffs base formation
between the terminal amino group of lysine and pyridoxal phosphate.
Inhibition of the cobamide protein moiety by treatment with tetranitro-
methane and by N-acetylimidazole, reagents known to modify tyrosine groups
of proteins, suggests that as in certain other pyridoxal phosphate dependent
enzymes, a tyrosine may be important for activity of the cobamide protein
moiety of D-a-lysine mutase.

Although the intact D-a-lysine mutase complex appears to require ATP
only as an allosteric activator and is equally stimulated by the phosphonlc
acid analogues of ATP, certain preparations of the separated protein
components are active only with ATP. Separated components of 3-lysine
mutase behave in the same manner and it is tentatively concluded that
ATP is additionally required in reaction (s) involving chemical modification
of both of these mutases.

2. Studies of Dr. Kung established the obligatory intermediary roles
of ct-methyleneglutarate mutase (B]^2 coenzyme dependent) and methylitaconate
isomerase in the overall fermentation of nicotinic acid to acetic and
propionic acids and ammonia by Clostridium barker

i

. The expected hydrogen
migration reactions could be demonstrated by tritium and deuterium studies.
Both enzymes were obtained in highly purified form and were considerably
characterized

.

4
3C^



Serial No. NHLI-140

3. Dr. Turner further purified to homogeniety the small acidic

sulfhydryl protein moiety of the glycine reductase system of Clostridium

sticklandii and also succeeded in further separation of the enzyme system
into two highly purified somewhat larger protein fractions. The three

recombined proteins still exhibited absolute requirement for phosphate in

order to reduce glycine to acetate and ammonia. Thus extensive purification

seems not to have caused loss of the concommitant phosphorylation reaction.

Marked sensitivity to low levels of hydroxylamine suggests a carbonyl

cofactor requirement for the reaction.

4. The pure menadione-dependent and SH~ dependent alkaline phosphatase

of C^. sticklandii which utilizes p-nitrophenyl phosphate as its only known

substrate, failed to be labeled with P32 labeled substrate under a variety

of experimental conditions. Current attempts to determin e the nature of

the phosphorylated intermediate that finally is hydrolyzed to orthophosphate

involve synthesis of the monophosphate ester of menadiol (reduced menadione).

Utilization of this quinol monophosphate would further suggest a role of the

phosphatase in an electron transport phosphorylation process.

5. The acidic peptide growth factor required by C. sticklandii has

been highly purified from tryptic digests of cesein. Several active

peptide fractions which contain 5 to 7 amino acid residues per peptide

(as judged by gel filtration studies) have been isolated. The major amino

acids in the active peptide fractions so far analyzed are: glutamic acid,

valine, leucine, isoleucine, alanine and some glycine, serine and threonine.

All other amino acids present in casein thus seem to be excluded as

necessary components of the required peptide growth factor. The minimum

composition of the active peptide (s) is not yet known.

6. Methane biosynthesis from formate by extracts of Me thano coccus

vannielii depends on ATP and hydrogen and is stimulated by various one-

carbon derivatives of uracil and also by phosphoribosyl pyrophosphate.

When l^C-formate is used as substrate, a highly radioactive nucleotide

fraction can be isolated from the bacterial extracts. This labeled material

which is anionic, also serves as substrate for l^C-methane synthesis.

Experiments are in progress to characterize this material chemically and to

determine whether it is an actual intermediate in the overall reduction

pathway.

Proposed Course of Research:

Since all of the problems mentioned above except the study of

nicotinate metabolism (2) are currently in progress, the general direction

of the research outlined in each instance is that to be further pursued in

the months to come.

3^3
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Part B

Pub] ications

1. T.C. Stadtman, "Vitamin B^^" ' Science l^l 859 (1971)

2. C.G.D. Morley and T.C. Stadtman, Studies on the Fermentation of

D-a-lysine. Purification and properties of an adenosinetriphosphate

regulated B12 coenzyme dependent D-a-lysine mutase complex from

Clostridium sticklandii . Biochemistry 9^ 4890 (1970).

3. C.G.D. Morley and T.C. Stadtman, STudies on the Fermentation of

D-a-lysine. On the Hydrogen Shift Catalyzed by the Bx2 coenzyme

Dependent D-a-lysine Mutase, Biochemistry (in press)

4. C.G.D. Morley and T.C. Stadtman, Studies on the Fermentation of D-a-lysine

On the role of pyridoxal phosphate in the B12 coenzyme dependent D-a-lysine

mutase reaction, (in preparation).

5. H.F. Kung and T.C. Stadtman, Nicotinic Acid Metabolism. VI. Purification

and Properties of a-methyleneglutarate Mutase (B2^2~^^P^'^'^^'^'-) ^^'^

Methylitaconate Isomerase, J. Biol. Chem. 246 :3746 (1971).

6. H.F. Kung, L. Tsai and T.C. Stadtman, Nicotinic Acid Metabolism. VIII.

Tracer Studies on the Intermediary Roles of a-methyleneglutarate,
Methylitaconate, Dime thyImaleate and Pyruvate, (in preparation).

7. T.C. Stadtman, "B12 coenzyme dependent amino group migrations"
The Enzymes , Vol VI Ed. by P.D.Boyer, Academic Press (in press).

8. A Schwartz and T.C. Stadtman, Small Colonies of Clostridium sticklandii
Resulting from Nitrosoguaindine Treatment and Exhibiting Defects in

Catabolic Enzymes, J. Bact. 104, 1242 (1970).
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Serial No. NHTJ-141
LaBoratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: 1. Effects of Divalent Cations and Energy Charge Upon the

Activity of Glutainine Synthetase

Principal Investigator: Amiel Segal

Other Investigator: E.R. Stadtman

Project Description :

Objective: 1. The differential effects of Cq-^, Mn"*^, Mg++, Ca"'"'"

and Cd"'"'" upon the pH optimum. Km for substrates, catalytic activity and UV

spectrum of glutamine synthetase indicate that each provokes a unique "»

conformation of the enzyme. Cadmium ^calcium and manganese salts inhibit the

Mg++ dependent activity of unadenylylated glutamine synthetase, whereas

Co"'"^ is an activator of the enzyme.

Like Mg++, Co"^ supports activity only of unadenylylated subunits, but

the pH optimujj feedback inhibitability, and dependence upon the metal/ATP
ratio are similar to those of Mn++ dependent activity of adenylylated enzyme.

With Mg++ or Mn"^ the enz5rme exhibits hyperbolic saturation functions for

glutamate and NH^ but Co"*"!" dependent activity exhibits heterotTopic and
homotropic interactions with these substrates. The non linear relationship

between specific activity and state of adenylylation supports the conclusion
that heterologous interactions occur between adenylylated and unadenylylated
subunits in hybrid molecules. The data suggest that adenylylation of a

subunit abolishes its activity and decreases activity of adjacent un-

adenylylated subunits. These heterologous interactions render the co

enzyme exquisitely sensitive to regulation by adenylylation and deadenylylation.

2. Mg-*"*" dependent activity of unadenylylated glutamine synthetase is

a function of the energy charge of the reaction mixture, whereas Mn"*"*"

dependent activity of adenylylated enzyme is considerably less dependent upon
the energy charge. The response of the enzyme to energy charge is a function
of the Mn++ concentration, with increasing sensitivity to energy charge at

higher Mn"*"*" concentrations. The inhibitability of glutamine synthetase by
glycine and alanine increases markedly with increasing energy charge. These
observations are consistent with similar observations made on other bio-
synthetic enzymes.

Proposed Course of Research: Temperarily discontinued.
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Laboratory of Biochemistry
Section on Enzjines

Bethesda, Maryland

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 19 71

Project Title: Antibodies to E^. coli Glutamine Synthetase

Previous Serial No. NHLI-208

Principal Investigator: Steven R. Tronick

Other Investigators: E.R. Stadtman
J.E. Ciardi

Project Description ;

Objectives: 1) To characterize rabbit antibodies to adenylylated
and unadenylylated E^ coli glutamine synthetase.

2) To determine if these antibodies react with crude

glutamine synthetase preparations from various microorganisms.

3) To determine if cross-reacting enzymes are modified
by adenylylation.

Major Findings :

1) Complement fixation- The sensitive micro-complement fixation
technique of Van Vanukis and Levine (Methods in Enzymol. 11, 928) was used
in order to detect differences in the conformation of adenylylated (E12)

and unadenylylated (Eg) enzymes. This method was also useful in detecting
classes of antibodies directed to different antigenic determinants on the

enzymes. No differences were found between Eq and £12 using antisera to

either form of the enzyme. This result indicates that Eq and E]^2 have very
similar, conformations. The peak of complement fixation (varying enzyme
against constant antiserum) was broad-indicating many antigenic determinants
on the enzymes. 0.007 ug/ml of enzyme was readily detected with a 1:20,000
dilution of antiserum. The following results suggest that adenylylation
introduces a distinct antigenic determinant on the enzjmie and its subunits.
Antiserum to £3^2 fixed complement with £j^2~subunits but not with Eg-subunits.
An antiserum to E]^2 subunits fixed complement with adenylylated, but not un-
adenylylated subunits. This antiserum fixed complement with E12 (1/5 the
amount fixed with E]^2 subunits) but not with Eg. Another antiserum to

adenylylated subunits also fixed complement with E]^2~su'^'J"^ts but not with
Eg-subunits. (However, this antiserum fixed complement with Eg and E] 2

:

The titer for Eg and E12 decreased during the course of immunization, while
the titer for Ei2~subunits greatly increased). The antisera to E]^2 ^'^'^ E12-
subunits did not bind AMP as measured by equilibrium dialysis, ammonium
sulfate precipitation of Ab-Ag complexes, and pr acipitation of Ab-Ag complexes
with anti-rabbit gamma globulin. In order to further characterize antibody

1 3U
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classes in each antiserum, competition experiments were performed. Although

difficulties were encountered in obtaining reproducible data, the results

suggest that subunits bind to E12 and Eg antisera. Also, EO~subunits
appeared to bind to Ei2~sutiunit antiserum. (Thus, separation of Eg- and

Ei2~subunits may be very difficult)

.

Complement fixation was also used to determine whether pure glutamine

synthetases from other organisms are antigenically related to E^. coli.

Pseudomonas putida glutamine synthetase, obtained from Dr. A. Segal,

partially cross-reacted (0.1 Hg of enzyme fixed 65% less complement than

0.1 yg of ^. coli enzyme). Bacillus subtillis glutamine synthetase, pre-

pared by Dr. T.Deuel, did not cross-react. These results are in accord

with those previously reported (No. 208, 1970) using the method of

Ouchterlony.

2) Inactivation of enzyme activity- Gamma globulin purified from

antisera to Eq and E12 inhibited the y-glutamyl transferase activity

of Eq and Ei2' %2 ^^^ inhibited, by either antibody, to a greater extent

than was Eg. Both Eq and E12 were activated (130%) by an antiserum to E12-

subunits. Preliminary experiments indicated that the state of adenylylation

of Eq or E12 was not changed by the interaction with antibody.

3) Reaction with other glutamine synthetases- Crude extracts from

fourteen microorganisms were examined for glutamine synthetase activity

(y-glutamyl transfer) , for precipitin line formation with Eq and E]^2

antisera in the Ouchterlony assay, and for inhibition of transferase

activity by anti-Eg and £^2 gamma globulin. Hethanosarcina barkerii ,

Clostridium sticklandii , Nearospora crassa . Bacillus sxibtilis , and Bacillus

licheniformis did not exhibit transferase activity nor did they form pre-

cipitin lines in the Ouchterlony assay. Acanthamoeba castellanii ,

Streptomyces rutgersensis , and Streptomyces diastachromogenes extracts

displayed transferase activity but were not inhibited by high levels of

antibody. They did not form precipitin bands. Salmonella typhimurium ,

Klebsiella pneumoniae , and Proteus mirabilis crude extracts catalyzed the

Y-glutamyl transfer reaction and formed precipitin bands which fused with

the precipitin bands of pure and crude E. coli glutamine synthetase

(indicating antigenic homology). The transferase activity in these extracts

was inhibited by antibody, under standard conditions, to about the same

extend (25%) as the E^. coli enzjnne. The transferase activity in Pseudomonas

putida crude extracts from cells grown on 4 mM NH^"*" (unadenylylated enzyme)

was not inhibited by antibody; however, the activity in crude extracts of

cells grown on 40 mM NH4+ (adenylylated enzyme) was inhibited by 50%. Both

types of extracts formed precipitin lines which spurred with the E. coli ,

S^. typhimurium , and K. pneumoniae bands (indicating partial antigenic

homology)

.

Surprisingly, crude Azotobacter vinelandii extracts formed precipitin

lines with antibody. Transferase activity supported by Mg++ was inhibited

by 70% with a standard concentration of JE. coli antibody. The Mn++ supported

activity was inhibited by only 30% as was the activity without added metal

ion. NOrmal gamma globulin had no effect on any of these activities.

U7
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Proposed Course of Action :

The various crude glutamine synthetases that cross-react with

antibody to the E_. coll enz>Tne have all been derived from gram-negative

organisms. Several more gram-negative and gram-positive orga'^isms will

be assayed in order to determine if, in general, the glutamine synthetases

from gram-negative organisms are antigenically related (to E^. coli ) .

Attempts will be made to determine if the cross-reacting enzymes are

adenylylaced (as shovm directly by Dr. A, Segal for the P, putida enzyme

and indirectly by {;ancedo and Holzer, (Europ. J. Biochem. , ^, 190, 1968)

for some enteric bacteria)

.

The enzyme from A. vineland ii will be studied in more detail because
of its fascinating dependence on Mg^^ for reaction with antibody and its

intriguing activation by metal ions.

The E. coli antisera will be further characterized using complement
fixation in order to resolve subunit and "AMP"-specif ic classes of antibodies.

The inhibition of transferase activity by antibody as a function of state
of adenylylation will be examined in more detail. The effect of antibody on
biosynthetic activity will also be studied.

Part B no.
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Serial No. NHLI-143
LaBoratory of Biochemistry
Section on Enzymes
Bethesda, Maryland

Project Title;

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

1) Application of Physical Methods in the Determination of

Structures of Organic Compounds.

2) Synthetic Studies of Organic Compounds of Biological

Interest.

Previous Series No. 135

Principal Investigator: L. Tsai

Other Investigator: E. Caveney (technician)

Project Description :

Objective (1) Stereochemistry of 3,5'-diaminohexanoic acid contains

two asymmetric centers (C-3 and C-5) giving rise to two pairs of enantiomers

which are present in the synthetic material obtained from the action of

ammonia on sorbic acid. These isomers can be recognized as a high-melting

and a low-melting one. Enzymatic studies conducted by T.C. Stadtman

indicated activity for the low-melting isomer. Since the second asymmetric

center (C-5) is generated by the course of the enzymatic reaction, the

knowledge of the stereochemistry of the isomers of 3,5-diaminohexanoic

acid would be of significant value to the understanding of the enzymatic

reaction.

Major Findings ;

The stereochemical relationship of the isomeric open-chain amino

acids and the cyclized derivatives is shown as follows (the figure shows

only one enantiomer of each pair)

:

CH
J- C

- C H^- C - CH^COiM

TKr«0

H H

CHj- C - CH2- C - CHiCOjH
MHi NH2.

Erytkro

NH,
'V'-

* H H

CIS

^ « H

.^.

3if

Ha&iZ- raruaag-a-ji^gllt
-



(
Serial No. NH LI-143

Thus the configuration of the amino acid can be deduced from the knowledge
of the stereochemistry of the aminolactam. The NMR spectra of the

benzoylated derivatives of the aminolactam derived from the isomeric amino
acids were examined. By means of decoupling technique and the preparation
of a dideuterated compound from the high-melting isomer the following set

of parameters were obtained for each spectrum:

High-melting isomer

(ppm) (CD3OD) J (Hz)

Low-melting isomer

(ppm)(CD30D) J (Hz)

CH3 1.231 CH3-H6a 6.5

H6a 3.58 H6a-H5a 12

H5a 1.38 "6a-H5e 3

H5e 2.15 H5a-«5e -13

"Aa 4.35 "4a"%a 12

H3a 2.27 H4a-H5e 3

"le 2.605 ^4a~^3a 11

H3a-H3e -18

H-^^-H.^ - 2

CHt

^5a
l5b

'3a

l3b

245

69

1.74
2.065
4.46
2.38
2.65

CH3-H6 6.5

H6-H5a 1

H6-H5b 6

H5a-»5b^''
H4-H5/ 3

"4-H5b 8
H4-H3a 7

H4-H3b ^

H3a-H3bl8

H4a~H3e

These assignments were finally confirmed by the good agreement between the
measured and the computed spectra obtained by a "Spin Simulation Program".
According to the Kirplus relationship between the vicinal coupling constants
and the dihedral angle of the vicinal protons, the three large values
(11-12 Hz) in the spectrum of the high-melting isomer can be attributed to

interaction of di-axial protons and the three small ones (3 Hz) to those
of axial-equitorial protons. To accommodate such an arrangement the methyl
group at C-6 and the amino group at C-4 in the aminolactam must have a cis
relationship and the preferred conformation for the molecule would be the
one with the two substituents in equitorial position in a twist chair form
(see figure).

High-melting Isomer

<
3»



Serial No. NHLI-143

! I

The spectrum of the low-melting isomer, on the other hand, has all six

vicinal coupling constants in relatively small values (3-8 Hg) . This can

be interpreted as a spectrum of a trans isomers whose two substituents

(methyl group at C-6 and amino group at C-4) are necessarily situated

in axial and equitorial positions. Thus there is no one preferred con-

formation for this molecule, and instead, it probably exists in solution at

room temperature as an equilibrium mixture of the two possible conformers

(see Figure). The observed spectrum is therefore a time-averaged one.

H4

CH3 A~NHC09i

H5b

Low-melting Isomer

The trans arrangement for the aminolactam leads to an erythroconf iguration

for the low-melting isomer of the amino acid. Since the enzymatically

active isomer of g-lysine is known to have a S-conf iguration, the new

asymmetric center, C-5, in 3,5-diaminohexanoic acid must therefore have a

S-conf iguration

.

Proposed Course of Action:

The stereochemistry of 2 ,5-aminohexanoic acid, intermediate in

a-lysine metabolism, shall be studied by chemical and physical methods.

Project Description (2)

2,4-diaminopentanoic acid: 2 ,4-diaminopentoic acid has been recently

characterized as an intermediate in the ornithine metabolism (Freedmann

et al . 1970 and Dyer and Costilow, 1970) by C^. sticklandii . Since this

amino acid has not been synthesized previously, we have undertaken to

develop a practical synthesis.

3 37/



Serial No. NHLI-143

Ma.jor Findings: (2)

A synthesis of 2 ,^-diaininopentanoic acid was accomplished as

outlined below:

COxC,.H5-

CH3COCH2CI + HC-NHCOCH3 KI^NolH, etOH,l>MF

f

I

CH3COCHiCCCOiCxH5\ fan hQ CHjCOCHj^CH COaH
NrtCOCH MH3 CC

H\i. KM,

The structure of the product was in good agreement with the NMR spectrum.

Proposed Course of Action :

Optimum conditions for each step of the above synthesis as well as

methods for purification of the product siall be studlad in detail.

Part B Yes

3tl
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Publications

1. H.F. Kung, S. Cederbauin, L. Tsai and T.C. Stadtman, Nicotinic Acid
Metabolism. V. A Cobamide Coenzyme. Dependent Conversion of a-Methyl-
eneglutaric Acid to Dimethylmaleic Acid, Proc. Natl. Acad. Sci., U.S.,
65, 978 (1970).
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Serial NO.: NHLI-144
1. Laboratoi-y of Biochemistry
2. Cellular Physiolojy
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title Enzymatic fragmentation of fibrinogen.

Previous Serial No. : None

Principal Investigators: Elemer Mihalyi
David Towne

Project Description:

Objectives: To determine the mode of formation and nature of heavy fragments

of fibrinogen during proteolysis.

Methods Employed and Major Findings:

pH-Stat, Sephadex column chromatography, sedimentation equilibrium.

It was shown previously that trypsin splits the fibrinogen molecule into

3 fragments of approximately 90,000 mol. wt. (Mihalyi and Godfrey).

Investigation of its fragmentation by plasmin (Marder et al., Fletcher et

al.) showed a number of heavier intermediates than the one described above,

but the reaction mechanism was not elucidated. Therefore, the digestion

process with trypsin was re-investigated using exclusion column chromatography

(Sephadex G200) to isolate the high molecular weight fragments. The
elution diagrams of serially inhibited digests were resolved with a computer

program (written by R.I. Shrager of DCRT, NIH) into the individual components.

The digestion process itself was monitored by the pH-stat, and each sample
was defined by the number of peptide bonds split per mol of fibrinogen.

A total of 6 species were identified including the native fibrinogen. Samples
of these, at various stages of the digestion, were obtained from the
Sephadex coliomn and their molecular weights estimated by the Yphantis' high

speed equilibrium ultracentrifugation method. All the species above 90,000

mol. wt. show self association and non-ideality, which make the estimation
of molecular weights uncertain. However, they appear homogeneous and their

properties remain constant during the digestion. Tf the digestion is not
pursued beyond 80% of the bonds split in the "slow reaction" the products
are: 3 fragments of 83,000 mol. wt. , 2 of 16,000 mol. wt. and the remaining
mass, corresponding to approximately 20% of the original molecule, appears

as small peptides. The fragments preceding these have approximate mole-

cular weights of 240,000 and 150,000 and they build up and disappear during

the digestion. Their kinetics indicates a rapid conversion of the native
molecule into the 240,000 species, with simultaneous liberation of the

16,000 mol. wt. fragments and of most of the peptide material. What is

left is essentially the three still interconnected 83,000 and 150,000 mol.
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wt. fragments. The latter is then further split into the two 83,000 frag-
ments. The whole kinetic scheme can be reproduced with remarkable
accuracy by the computer. The 83,000 fragments appear to be further
degraded, although at a very slow rate, whereas the 16,000 fragments appear
to be final products.

All these intermediates were missed when the analytical ultracentrifuge
was used to monitor the process. Clearly, for analysis of mixtures, the
zonal methods, like the Sephadex gel filtration, and also SDS gel electro-
phoresis, are more advantageous.

Signigicance to Bio-Medical Research: To determine in a precise manner,
in vitro, the events occurring during the process of thrombolysis.

Proposed Course of Research: Completed.

Publications

:

None.

=.-^
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Serial No. NHLI-145
1. Laboratory of Biochemistry

2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

•July 1, 197 through June 30, 1971

Project Title: Isolation and characterization of cellular growth

factors from calf serum.

Previous Serial Ko. : None

Principal Investigator: F.H. White, Jr.

Other Investigators: Charles D. Scher (NCI)

Allen Rein (Bionetics, Inc., Bethesda, Md.)

Gilbert Wright (Technical)

Project Description:

Objectives: To isolate and study growth factors from calf serum in regard
to their effects (e.g. on mitotis, cellular migration, th^onidine incorpora-
tion, and protein synthesis) upon normal and virally transformed mammalian
cells in culture.

Methoas employed:

1. Ethanol fractionation, ammonium sulfate fractionation, and ion exchange
chromatography have been employed in the purification of a growth factor
from calf serum.

2. Assay of growth factor is based upon mitotic effects and uptake of
tritiated thymidine by mouse fibroblast cells.

Major findings:

A fifty fold purification has been achieved on a factor from calf serum
which increases the rate of mitosis and thymidine uptake in cell culture.

Significance to Biomedical Research: A better understanding of the mitotic
process would have obvious fundamental as well as clinical significance
and may be approached by isolation and study of the factors that influence
it.

Proposed Course of Research: A continued purification of growth factor (s)

from serum will be undertaken, followed by characterization. The possibility
of tritiation of the purified factor (s) and radioautographic study in cell
cultures will be pursued.

Publications:
None

.
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Serial No.: NHLI-146
1. Laboratory of Biochemistry

2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Effects of conformation on the free radical

distributions of irradiated proteins.

Previous Serial No.: NHLI-216, 217, 21?

Principal Investigator: F.H. White, Jr.

Other Investigators: T. Smitherman (NCI)

P. Riesz (NCI)

H. Moss (NCI, Technical)

G. Wright (Technical)

Project Description:

Objectives: 1) To determine distributions of free radicals throughout the

individual residues of an irradiated protein and to correlate with the

secondary and tertiary structures. 2) To study the isotope effect between

hydrogen and tritium as it affects the labeling process.

Methods Employed:

1. Electron spin Resonance (E.S.R.) has been employed for semi-quantita-

tive determination of free radical content in irradiated proteins.

2. Proteins were tritiated by the "free radical interceptor" method

(White, et al. , Radiation Res. 32.» 744 (1967)); alternatively, "radiation-

induced hydrogen transfer" (RIHT) was used (P. Riesz, Radiation Res. 44_,

35 (1970)). This process involved incorporation of tritium onto

exchangeable sites, followed by 7-irradiation, whereupon a fraction of the

tritium becomes incorporated onto non-exchangeable sites by an unknown
pathway

.

3. Denaturation of tritiated proteins was achieved by reduction and

carboxymethylation. The products were subjected to chymotryptic digestion;

peptides were isolated by ion exchange chromatography and electrophoresis.

4. Amino acid analysis in conjunction with scintillation flow counting
was employed as recently described (F.H. White and C. Mencken, Anal.

Biochem, 34, 470 (1968)).

Major Findings:

1. It has already been shown that the distribution of free radicals in
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an irradiated protein is influenced by conformational characteristics of

the protein (F.H. White, Radiation Res. 36, 470 (1968)). In a continuation

of this study, lysozyme has been labeled by the "RIHT" process, denatured,

and digested proteolytically. The peptides have been separated, and

analyses are in progress to determine the extent of labeling of individual

residues.

2. The validity of this approach depends upon the following hypothesis:
that the distribution of tritium among the amino acids reflects the dis-
tribution of carbon free-radicals. Evidence for this hypothesis has been
summarized (P. Riesz and F.H. White, Jr., Advances in Chem. Series 81_, I,

p. 496 (1968))

.

In a continuing investigation of this hypothesis, the isotope effect
between hydrogen and tritium has been studied. It has been determined,
with the use of tritiated deuterium sulfide as the labeling reagent, in

comparison to HST, that the isotope effect is approximately 2. With this
factor taken inot consideration, there is still an approximate equivalence
between free radical content (as estimated by E.S.R.) and tritium content.
Demonstration of this equivalence is essential for validity of the above
hypothesis.

Significance to Biomedical Research: This work has been undertaken to
clarify the relationship between the conformational features of proteins
and radiolysis. Thus further insight may be obtained into the effects of
ionizing radiation upon the living organism, and the possible use of the
above labeling techniques as methods for investigation of protein con-
formation may be explored.

Proposed Course of Research: The investigation will be continued to
examine further the specific activities of individual amino acids in
tritium- labeled proteins and to correlate these activities with their
conformational features.

Publications:

Riesz, P. and White, F.H., Jr.: Radical distributions in 7-irradiated
dry proteins at 195°K. Radiation Res. 44: 24, 1970.

White, F.H., Jr., Kon, H. , and Riesz, P.: Comparison of electrical discharge
with 7-radiation for the production of free radicals in lyophilized
proteins. Radiation Res . 45: 8, 1971.

White, F.H,, Jr. and Mencken, C. : Construction of a pressure-resistant flow
cell of high efficiency for scintillation counting with accelerated amino
acid analysis. Anal. Biochem. 34: 560, 1970.

White, F.H., Jr.: Thiolation of Proteins , in revised Vol. XI, Methods in
Enzymology, in press.
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White, F.H., Jr.: Reduction and Reoxidation at Disulfide Bonds , in
revised Vol. XI, Methods in Enzymology, in press.

Miller, J.H., white, F.H. , Jr., Riesz, P., and Kon, H. : Distribution of
free radicals among amino acids from lyophilized UV-irradiated proteins.
Photochem. and Photobiol. , accepted for publication.
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Serial No. NHLI-147
1. Laboratory of Biochemistry

2. Cellular Physiology

3. Bethesda, Maryland

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Studies on the tritiation of a peptide derived

from nisin.

Previous Serial No. : None

Principal Investigator: F.H. White, Jr

Other Investigators: E. Gross (NICHHD)

G. Wright (Technical)

Project Description:

Objectives: To employ a peptide, derived from the bacterial antibiotic

nisin, as a model compound in the investigation of side reactions that

proceed during the tritiation of proteins with tritiated hydrogen sulfide

(HST)

.

Methods Employed:

1. Tritium labeling was achieved by the free radical interceptor method,

with the aid of electrical discharge (White, et al . , Anal. Biochem. 30^,

295 (1969)), followed by exposure to HST. Evidence has accumulated (P.

Riesz and F.H. White, Jr., Advances in Chem. Series 83^, Vol. I, p. 496

(1968)) that the resulting distribution of tritium among the cimino acid

residues reflects the distribution of free radicals from exposure to

electrical discharge or ionizing radiation.

2. Amino acid analysis with scintillation flow counting (F.H. White
and C. Mencken, Anal. Biochem. 34_, 560 (1970)) was employed to determine
distribution of tritium among amino acids of hydrolysates of the labeled
peptide.

3. Purification of nisin, proteolytic cleavage to yield a tridecapeptide,
and saturation of the dehydroalanine within this peptide, were carried
out as described by E. Gross and J. Morell (Proc. Nat. Acad. Sci. 62 ,

952 (1969) ) . Attachment of proline residues to the peptide was achieved
by activation of the carboxyl group with NN'-carbonyl diimidazole.

Major findings:

There are three unique structural features of the nisin peptide. 1) It
contains no proline; 2) it contains no cystine or cysteine; and 3) it
contains dehydroalanine, an amino acid rarely found in proteins.
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The nisin peptide has been prolinated and subjected to comparative studies

vjith the original peptide to determine whether the presence proline,

covalently bound, (3 residues per molecule of peptide) would cause an

increase in the tritium content or alter the tritium distribution, or both.

The following reactions may be involved:

ionizing
protein-Cri A A /\ v protein-C* + H"

radiation
protein-C- + HST—-^protein-CT + HS*

HS- + proline residue •-^•proline residue + H2S

(1)

(2)

(3)

Reaction (1) indicates the formation of a free radical on carbon as a

result of exposure of the protein to ionizing radiation. By reaction (2),

tritium is incorporated into the protein and HS* is liberated. This
product is partially eliminated as shown by reaction (3), whereby HS'

abstracts a hydrogen atom from a weak C-H bond, known to exist within the
proline ring, to yield a free radical on proline. The latter radical
migrates to other positions within the protein, and reacts further with
HST to perpetuate a chain reaction.

Amino acid analyses of nisin peptide and prolylnisin
the followina

:

peptide indicate

1. Average specific activity of nisin peptide - 0.59 /iCi/mg.

2. Average specific activity of prolylnisin peptide =1.9
3. Tritium distributions of these two peptides were not significantly
different.

Conclusions: The presence of prolyl residues raises the tritium content
by approximately a factor of 3, and therefore the chain reaction described
above proceeds to a significant extent. However, the effects of prolyl
residues on the distribution of tritium among the other amino acid
residues were negligible and therefore the chain reaction does not detract
from this method as an indicator of free radical distributions.

Significance to Biomedical Research: Because of the rising use of radio-
isotopes for medical purposes and the increasing radiation hazards throughout
our society, it is becoming increasingly necessary to understand the mechan-
isms involved in radiation damage. Since free radicals play a significant
role in radiation damage, emphasis has been placed upon the study of
their distributions in proteins and peptides. Therefore the method of
studying these distributions, developed in this laboratory, has been
subjected to continued scrutiny to determine its advantages and limitations.
The information so obtained would also be relevant to application of the
present technique to the tritium-labeling of proteins for use in biological
tracer studies.

h
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Proposed Course of Research: The project will be extended to examine the

effects of introduction of disulfide bonds by reaction of the unsaturated

residue in nisin peptide with hydrogen sulfide, followed by oxidation.

Publications:
None.
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Project Title:

Serial No. NHLI-148
1. Laboratory of Biochemistry
2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Biological oxidation capabilities of membrane
fragments obtained from E. coli .

Previous Serial No.

:

NHLI-219

Principal Investigator: Richard W. Hendler

Other Investigator: Amelia B. Yarbrough

Project Description:

Objectives: The primary source of energy in respiring cells is a series
of discrete oxidation reactions called electron transport. These reactions
occur in cell membranes. My work in protein synthesis, as well as that of
several other groups, has provided strong evidence that a primary site of
of protein synthesis is at a membrane surface. Current ideas in protein
synthesis suggest that energy produced from electron transport in a mem-
brane is sent out into the aqueous milieu as ATP and eventually brought
back to the membrane in the form of activated amino acids. We are interested
in the possibility that these two major metabolic pathways, one exergonic
and the other endergonic, may be directly coupled in the membrane. We are
approaching this problem from two directions that we hope will eventually
converge. This report concerns the studies of biological oxidation in

E. coli membrane fragments.

Methods Employed and Major Findings:

A. The involvement of non-heme iron proteins in E. coli respiration .

Our earlier studies indicated the participation of an electron carrier
betv/aen succinate dehydrogenase and the cytochrome chain. The evidence
was that a soluble cell factor plus bovine serum albumin could inhibit
succinoxidase more severely than succinate dehydrogenase and at the same
time have no effect on NADH oxidase. Since we have shown that in E. coli ,

succinate and NADH use the same cytochrome chain, the block must occur
between succinate dehydrogenase and the chain. A non-heme iron protein is

thought to occupy this position in mitochondrial electron transport chains.

Preliminary evidence for the participation of non-heme iron proteins in
both NADH and succinate oxidations was obtained by noting the sensitivity
of these processes to four different metal chelators. In order to measure
the kinetics of non-heme iron reduction by NADH and succinate, we devised
a rapid sampling and freezing technique for electron paramagnetic resonance

(EPR) spectroscopy. We found that in 5 seconds, NADH could reduce about
50% as much non-heme iron as could be reduced by dithionite and that in
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15 to 20 seconds, 90 to 100% of the fully reduced signal could be obtained.

This in relation to the observation that in 5 seconds about 70% of the

cytochroine b] is reduced by NADH and the results of the metal chelator

studies present strong evidence for the direct participation of non-heme

iron in NADH oxidation by the electron transport chain of E. coli . The

EPR signal elicited by succinate was very weak — about 10-20% of the

dithionite induced signal. Because of this, initial reduction rates could

not be measured. The maximum succinate indiced signal is reached at about
30 to 40 seconds. This corresponds with the observation that the maximum
level of cytochrome hi reduction by succinate also occurs at that time.

These observations, plus the sensitivity of succinate oxidation to metal
chelators argue for including a non-heme iron protein in the succinoxidase
pathv/ay. We have further established that the metal chelator works by
preventing the reduction of non-heme iron (and also all of the cytochromes)
biat that the reduced chain can be readily reoxidized, in the presence of
the chelator. The cell factor which inhibits succinoxidase (in the
presence of serum albumin) resembled the metal chelator in that when it was
present, cytochrome reduction by succinate was inhibited, but reoxidation
of the reduced chain was not impaired. NADH reduction of the cytochrome
chain in the presence of the cellular inhibitor was not affected.

I

B . Characterization of the electron transport chain .

Our studies indicate that the respiratory assembly in £_.

represented as:
coli can be

cyt bi.--^(Cytai) • Cyt 32-—>02

•N.H.Fe

N= NADH Dehydrogenase
S- Succinate dehydrogenase

The participation of cytochromes b^, a^, and 32 in a single electron
transport chain available to both NADH and succinate is shown by 1) the
ability of either substrate to reduce almost all of each cytochrome;
2) the fact that the duration of the steady state is the same for all
three cytochromes when either substrate is present; 3) the fact that when
the cytochromes have been reduced by succinate, an oxygen pulse can oxidize
50 to 60% of each of the cytochromes in 6 milliseconds. The relative
positions of cytochrome b^ and cytochrome a2 is indicated by the response
to cyanide which inhibits the reduction of cytochrome a2 more than
cytochrome b^, but which allows the reoxidation of 32 more readily than
bj^. The evidence for the inclusion of non-heme iron proteins was given in
part A sbove. The ressons for including m3ny NADH dehydrogensse-non-heme
iron units in relation to succinate dehydrogenase-non-heme iron units 3re:
1) the non-heme iron EPR signsl elicited by NADH is at least 5 times
stronger than the one elicited by succinate. 2) NADH dehydrogenase activity
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is at least 5 times greater than succinate dehydrogenase activity. 3) NADH

oxidase activity is at least 5 times greater than succinoxidase activity.

C. Fractionation of the respiratory chain of E. coli .

We have studied conditions for solubilizing the membranes of E. coli and at

the same time preserving enzymatic activity. The most popular solubilizer,
sodium dodecyl sulfate completely destroyed oxidative activity. We have
developed a procedure, using deoxycholate, (DOC) , which leads to membrane
solubilization and preservation of dehydrogenase activity. This procedure
also solubilizes the cytochromes. Using DOC impregnated acrylamide gels
for an electrophoretic fractionation, we can locate specific dehydrogenase
bands, by employing the cytochsmical redox stain, nitro blue tetrazolium.
From the membranes we have obtained at least 4 succinate dehydrogenase
bands (on the gel) and one NADH dehydrogenase band. The soluble part of
the cell contains no succinate dehydrogenase but two faster (smaller
molecular weight species) of NADH dehydrogenase are present,. We have
grown E. coli in the presence of Fe^S in order to label both heme and non-
heme iron proteins. Using a column of Sepharose 4B it appears that we
are able to separate the cytochromes from non-heme iron and also to
resolve cytochrome bl from cytochromes a^ and a2. A separation of
succinate dehydrogenase from NADH dehydrogenase was also achieved.

Significance to Bio-Medical Research: This project is designed to provide
some understanding of the manner in which an organized cellular system
may efficiently integrate complex metabolic pathways. The potential
importance of biochemistry lies in working out chemical pathways and then
considering this knowledge in terms of living cells and tissues. If it
could be demonstrated that the structural organization of the cell contributes
to its ability to integrate complex and related biochemical pathways, a
better understanding of cellular function would result.

Proposed Course of Research: Full attention will be given to the separation
and characterization of the individual components of the respiratory
assembly of E. coli . Attempts for reconstitution of the chain from the
separated components will be made.

Publications

:

Hendler, R.W. : Respiration and protein synthesis in Escherichia coli
membrane-envelope fragments. VI. On the reduction of non-heme iron and
the cytochromes by NADH and succinate. J. Cell Biol, (submitted for
publication)

.
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Serial No. NHLI-149
1. Laboratory of Biochemistry

2. Cellular Physiology
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Location of Tritium in Tritiated Methonine.

Previous Serial No.

:

None

Principal Investigator: F.H. White, Jr.

Other Investigator: G. Wright (Technical)

Project Description:

Objectives: To study the radiolytic breakdown of methionine.

Methods employed:

1. Tritium labeling of proteins was achieved by the "free-radical

interceptor" method (White, et al . , Anal. Biochem. 30.' 295 (1969)) which

involves creation of free radicals by ionizing radiation or electrical

discharge followed by reaction with tritiated hydrogen sulfide (HST)

.

2. To isolate tritiated methionine, acid hydrolysates of tritiated proteins

were subjected to ion exchange chromatography.

3. Degradation of tritiated methionine was achieved by reaction with

cyanogen bromide (CNBr) , by oxidation with L-amino acid oxidase, or by

reaction with acetic anhydride to form the azlactone. The first method is

specific for the methyl group. The latter two methods give information on

the extent to which tritium is located on the alpha carbon.

Major Findings:

1. The results with CNBr degradation indicate that approximately 30% of

the tritium of methionine resides on the methyl group. This finding thus

far appears independent of the kind of protein employed or whether it is

native or denatured.

2. Reaction of native proteins by enzymatic oxidation or with acetic
anhydride indicate none of the tritium on the alpha carbon. Location of

the remaining tritium remains to be determined.

Significance to Biomedical Research: It is well known that methionine is

one of the most radiolabile amino acids in proteins, and an understanding

of its breakdown is essential to an understanding of radiation damage in

general. It is well established that free radicals play an important role
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in radiation damage, and the "free radical interceptor method" should give
information on the location of radicals within the methionine of irradiated
proteins; hence also on the relation of free radical distribution to
radiolysis.

Proposed course of research: More data will be sought for methionine
derived from various proteins, irradiated by various means. The project
will be extended to other amino acids.

Publications:
None.
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Serial No. NHLI-150
1. Laboratory of Biochemistry

2. Cellular Physiology

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

L>roject Title: Biosynthetic capabilities of membrane fragments

obtained from E. coli .

Previous Serial No. : NHLI-221

Principal Investigators: Richard W. Hendler
Raymond Scharff

Collaborating Investigator for Electron Microscopic Studies:

N. Nanninga of the Laboratory for Electron Microscopie, University of

Amsterdam, Netherlands.

Project Description:

Objectives: In the belief that complex metabolic processes in living cells

depend on important spatial relations of the components, as maintained

by the structural elements of the cell, we have developed procedures for

isolating cellular membranes by very gentle techniques. These procedures

as well as the chemical and cytological characterization of the membrane-

envelope fragments were described in the last report (1970) . We have

determined that these fragments have high respiratory activity and are

quite active in the synthesis of protein, RNA and DNA. There is currently

great interest in the mechanism of DNA replication because the soluble

enzyme (DNA polymerase) originally thought to carry out this process may

be simply a repair enzyme. We have decided to concentrate attention on

a particulate DNA-synthesizing activity that we have found in one of the

membrane-envelope containing fractions (see report for 1970) . The present
report describes experiments which show that the particulate activity (P3)

is qualitatively distinct from the soluble activity (S3) and that it doss
not represent simply the adsorption of the soluble enzyme.

Methods Employed and Major Findings:

A. Qualitative differences in particulate and soluble DNA-synthesizing
activities.
1) P3 responded better to more native DNA - The soluble DNA polymerase
responds more to denatured tnan native UNA. Using commercial calf thymus
DNA, which is already denatured, S3 was stimulated equally by heated and
unheated DNA. P3 was stimulated 108% by unheated and only 48% by heated
DNA.

2) ATP enhances the ability of P3 but not S3 to respond to added DNA -

ATP (ImM) stimulated the activity of P3 in the presence of heated DNA by
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21% and in the presence of unheated DNA by 34%. ATP (ImM) did not stimulate

the activity of S3 in the presence of heated or unheated DNA.

3) P3 appears to be more nearly saturated with endogenous DNA than does S3.

Added heated DNA stimulated S3 by 865% but stimulated P3 by only 48%.

4) The Mg "*'"'" optimum concentration for P3 activity in the presence of ATP
and unheated DNA was about 7mM; for S3 it was about 12mM.

5) Deoxycholate at a concentration of 0,2% (diluted to 0.04% during the
assay) inhibited S3 activity by 70-80% but inhibited P3 activity by only
23-38% (over a range of Mg++ concentrations from 2 to 12mM)

.

6) p-Chloromercuribenzoate stimulated endogenous S3 activity several
fold but did not effect endogenous P3 activity.

B. Sedimentation characteristics of S3 and P3 DNA synthesizing activities.

The P3 fraction contains only 0.7% of the total cellular soluble enzyme
activity for DPNH-ferricyanide reductase and about 20% of the total DNA
synthesizing activity. Therefore, if adsorption of the soluble enzyme is
involved in the P3 activity, it is a highly specific adsorption. A sucrose
layer centrifugation system was worked out to separate soluble protein from
membranes and ribosomes. The soluble fraction was identified by DPNH-
ferricyanide reductase activity and by using bovine plasma albumin dyed
with procion blue. Membranes were assayed by the enzyme activity, suc-
cinate dehydrogenase, and ribosomes by absorption at 260nm. Electron
microscopy was also used to characterize the fractions. Using a 9%
sucrose layer on top of a 30% sucrose layer, the soluble proteins stay
on top, the ribosomes concentrate at the interface and the membranes
concentrate in the pellet. Although this method gives a considerable
degree of separation of membranes and ribosomes, electron microscopy shows
some small membrane vesicles in the interface and some large ribosomal
clusters in the pellet. Using the system, the following percent distribu-
tion of DNA-synthesizing activity was found: Ja

Soluble 92±5 38±4
Interface 11±9 46±4
Pellet 2.2±1.8 27±11

Preliminary experiments indicate that all of the fractions from P3 and
the interface fraction from S3 are stimulated by ATP, but that the
soluble fraction from S3 is not stimulated. We have attempted to arti-
factually cause the S3 activity to penetrate the sucrose layers to see if
some of the sedimenting activity of P3 was similarly induced. The addition
of excess DNA (which complexes with DNA polymerase) to S3 did not change
the distribution of activity. The addition of P3 fraction to S3 did not
change its sedimentation distribution. The addition of excess DNA plus
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P3 did not change the sedimentation distribution.

Significance to Bio-Medical Research: This project is designed to provide

some understanding of the manner in which an organized cellular system may

efficiently integrate complex metabolic pathways. The potential importance

of biochemistry lies in working out chemical pathways and then considering

this knowledge in terms of living cells and tissues. If it could be

demonstrated that the structural organization of a cell contributes to

its ability to integrate complex and related biochemical pathways, a

better understanding of cellular function would result.

Proposed Course of Research:

1. We will continue to study the properties of the particulate DNA-

synthesizing system in order to establish its identity as distinct from

that of the soluble DNA polymerase.

2. We will try to further purify the cytological unit possessing the DNA-

synthesizing activity.

3. Studies will be initiated with the E. coli mutant that lacks the DNA
polymerase but which is capable of replicating DNA.

4. The DNA product synthesized by the P3 fraction will be characterized

to establish the nature of the replication and the fidelity of copying
added DNA template.

P\iblications;

Hendler, R.W. : Biological Membrane Ultrastructure. Physiological Reviews
51: 1, 1971.
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Project Title:

Previous Serial No.

:

Principal Investigators:

Other Investigator

:

Project .Description:

The interaction of actin and myosin.

None

Evan Eisenberg
W. Wayne Kielley

Louis Dobkin

Objectives: It is now generally recognized that contraction of muscle in-
volves the interaction of the two proteins actin and myosin with ATP.
Clearly therefore it is of importance to determine the strength of binding
and the binding ratio of actin to myosin both in the presence and absence
of ATP. This is difficult to accomplish with myosin because it occurs as
heterogeneous filaments at low ionic strength but heavy meromyosin (HMM)

,

a tryptic digestion product of myosin, is monomeric under these conditions
and therefore its binding to actin can be studied using the analytical
ultracentrifuge

.

In the present study we investigated the binding of HMM to actin in the
absence of ATP under varied conditions of ionic strength and temperature,
and compared this binding with that observed in the presence of ATP as
determined from kinetic measurements.

Methods Employed and Major Findings:

The binding of actin to heavy meromyosin (HMM) was studied using a Beckman
Model E analytical ultracentrifuge equipped with photoelectric scanning
absorption optics. Actin was purified by Sephadex G-200 column chromatography.
At O.lM KCl, ImM Mg, lOmM imidazole pH 7, 25° ca. l.SoM actin was found to
be non-sedimentable regardless of the initial actin concentration which
ranged from 2.3 to 46.0^M. Thus a "critical" concentration of G-actin was
apparently present. With 5mM P^ present this critical concentration was
reduced to ca. 0.7uM. When increasing amounts of HMM were added to IOjlxM

actin under these conditions a maximum of one mole of HMM was found to bind
2 moles of actin monomer. This same binding ratio was observed in the
absence of Pj_ at 20mM KCl, at 4°, and when the added actin concentration
was 4/iM. Furthermore under all these conditions the binding constant was
too high to measure — greater than 2X10^M. This binding is many-fold
stronger than the binding determined in the presence of ATP from kinetic
measurements. Furthermore preliminary binding studies in the presence of

3^/



L
Serial Mo, NHLI-151

ATP have been performed using the analytical ultracentrifuge which lead to

the intriguing possibility that in the steady state a fraction of the HMM

is always dissociated from the act in, no matter how high the act in concen-

tration is. This suggests that during the cycle of actin-HMM interaction,

ntuch of the HMM exists in a "refractory" form in which it cannot bind to

actin. If this is in fact the case it may have significant implications

for the situation in vivo . The flexability of contracting muscle as

opposed to rigor muscle may occur because in the rigor state all of the

myosin bridges are bound to the actin filament whereas in contracting muscle

only a fraction of these bridges are bound. In support of this hypothesis

X-ray diffraction studies of contracting muscle show that less than 50%

of the myosin bridges are closely associated with actin. Therefore the

occurrence of a refractory period during which the myosin molecule cannot
bind to actin may play a key role in the cyclic interaction of actin and
myosin which causes contraction in vivo .

In addition to work on this project, we have also been involved in isolating
the individual components of the native tropomyosin system which is involved
in the relaxation of skeletal muscle. Using column chromatography on
hydroxyapetite and DEAE Sephadex, we have presently isolated four components
of this system in a relatively homogeneous form as shown by gel electro-
phoresis.

Significance to Bio-Medical Research: This work is aimed at gaining
a better understanding of the basic mechanisms of muscle motility, a
phenomenon which occurs not only in skeletal muscle, but also in such
diverse systems as cardiac muscle, arterial smooth muscle, platelets, and
perhaps within all cells where protoplasmic streaming occurs.

Proposed Course of Research: We plan to continue our investigation of
the binding of actin to HMM in the presence of ATP using both the analyti-
cal ultracentrifuge and kinetic methods. We also plan to investigate the
effect of PP^ and ADP on this binding. Finally we plan to investigate the
effect of the purified native tropomyosin components on the interaction of
actin and HMM both in the presence and absence of ATP.

Publications:

Eisenberg, E. and Kielley, W.w. : Native tropomyosin: Effect on the inter-
action of actin with heavy meromyosin and subfragment-l. Biochem. Biophys.
Res. Comm. 40: 1, 1970.

Eisenberg, E. and Weihing, R. : Effect of skeletal muscle native tropomyosin
on the interaction of amoeba actin with heavy meromyosin. Nature 228:
1092, 1970.
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PHS-NIH
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July 1, 1970 through June 30, 1971

Structure of the muscle protein, myosin

-

NHLI-222

Principal Investigators: W. Wayne Kielley
Juanita Cooke

Other Investigator:

Project Description:

Louis Dobkin

Objectives: The continuing objectives of this program are identification

of the details of molecular structure as they relate to the biochemical
properties of the protein and its function in muscle contraction.

The myosin molecule is composed of two identical polypeptide chains each

of 200,000 molecular weight. In addition about 21% of the mass of all
native myosin preparations consists of smaller polypeptide chains of about
20,000 molecular weight. It has not been possible, so far, to separate
the latter material from the large chains except under denaturing conditions.
While the small chains are widely regarded as a functional part of the
myosin molecule, this has not been proved. No stoichiometry in the struc-
ture has been demonstrated, a problem that is complicated by the fact that
this low molecular weight fraction is composed of four components in

unequal amounts. Conflicting figures in the literature are probably confused
by the fact that myosin prepared by "standard" laboratory procedures always
contains 5-10% of low molecular weight contaminants readily removable by
any one of three chromatographic procedures. Some time ago, before the
presence of the small chains in myosin was recognized it was observed in

this laboratory that myosin possessed histidine as an amino terminal
group. Subsequently, another laboratory reported the presence of a blocked
N-terminal, identified as acetyl serine. The past year has been devoted to
developing methods of separating the low and high molecular weight chains
without resorting to denaturing conditions and end group analysis of the
low and high molecular weight chains.

Methods Employed and Major Findings:

End group analysis has employed both enzymatic (pronase digestion) and
chemical (dinitrophenylation) methods. It has now been determined that the
large chains of myosin possess the amino terminal histidine, while the
small chain fraction possesses one component, readily separable from the
rest by chromatography, which contains a blocked amino terminal.
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tentatively identified as acetyl serine. In addition the small chain

fraction possesses amino terminal alanine, about six-tenths of a mole per

mole of small chains, and a minor amount, about 0.1 mole, of either aspartic

or glutamic acid. Disc gel electrophoresis of the small chains show the
presence of two major and two minor components. With the high recovery
of N-terminal alanine it must be assumed that two of the four components
have amino terminal alanine and the other two recognized N-terminal
structures account for the other two components.

Significance to Bio-Medical Research: This work is aimed at a better
understanding of the mechanism of muscular contraction.

I

Proposed Course of Research: We will continue to try to define the role of
the low molecular weight chains in the activity of myosin and to further
characterize them. Further work on the amino acid sequence of functional
areas (ATPase, actin binding) of the molecule is also planned.

Publications

:
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Project Title: Plasmin Digestion of Fibrinogen.

Previous Serial No. : None

Principal Investigators: Robert M. Weinberg
Elemer Mihalyi I ~s

Other Investigators;
t
o

f^
Project Description: ,

!

Objectives: 1. To determine the kinetics of the proteolysis of fibrinogen '^

by plasmin; 2. To investigate the structural modifications of the fibrinogen
molecule during the course of this reaction.

Methods Employed and Major Findings:

Kinetics determined by pH Stat. Plasmin assay (TAME) in pH Stat. Sephadex
G-200 column chromatography. SDS disc gel electrophoresis. Ultraviolet gel
scanning. Computer programs for analysis of kinetic data and simulation
of plasmin-fibrinogen proteolysis.

Kinetic analysis of the plasmin-fibrinogen reaction reveals 2-3 bonds
split at a fast rate and 54 bonds split at a rate 15-20 slower. Rupture
of this number of bonds is sufficient to produce the "final" reaction
products, although the reaction proceeds very slowly for several more hours.

The splitting of bonds was correlated with production of heavy intermediates
in sequentially inhibited digestion mixtures. The complete sequence of

events was rationalized in terms of the three nodule model of fibrinogen.

After a fast initial modification of the molecule, resulting in a loss of

about 20% of its original mass the enzyme splits one of the two connecting
segments of the nodules. This results in the appearance of a species with

two modules and a final conversion to single nodules. One-third of the

latter is further degraded to a lower molecular weight product. This model

has been used as the basis of a computer simulation of the digestion and

accords a close fit to experimental data.

Significance to Bio-Medical Research: To determine in a precise manner,

in vitro , the events occurring during the process of thrombolysis.

Proposed Course of Research: To isolate and further characterize the

intermediate and final fibrinogen digestion products.

Publications: None
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The structure and biochemical activity of actin

and myosin.

Previous Serial No. NHLI-214

Principal Investigators: Robert Adelstein
W. Michael Kuehl
W. Wayne Kielley

Other Investigator:

Project Description:

Mary Anne Conti

Objectives: The 17 cyanogen bromide peptides comprising the entire actin

molecule (MVJ = 45,000) have been isolated and identified as to amino acid

composition and NHj terminal residues (Adelstein and Kuehl, Biochemistry

9, 1355, 1970). With one exception the 17 peptides have been placed in

sequence. Although the missing overlap can be inferred, experiments are

presently under way to identify it, thus concluding this phase of the work.

Methods Employed and Major Findings:

The cyanogen bromide peptides were placed in order by isolating and uniquely

identifying the methionine containing tryptic peptides. Both column chroma-

tography and peptide mapping on paper were employed.

In working with the large, insoluble cyanogen bromide peptides the classical

techniques in peptide separation and purification have had to be modified.

The recently developed technique of maleating the (- -NH2 group of lysine

in order to produce only C-terminal arginine peptides on tryptic digestion

has been used to complete the ordering of the cyanogen bromide peptides.

Moreover maleation had the added benefit of solubilizing some of the

larger peptides.

To date we have placed all but one of the 17 cyanogen bromide peptides in

order. This information together with the sequence of each of the individual
cyanogen bromide peptides being carried out by Dr. M. Elzinga at the Retina
Foundation in Boston will yield the entire sequence of the 406 residues of

rabbit skeletal actin.

Actin has been shown to be a single polypeptide chain with a uniquely
placed residue of 3-methylhistidine in the 3rd cyanogen bromide peptide
(starting from the NH2 terminal end). Unlike myosin it does not contain
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methylated lysines. (On the other hand, certain myosins in this laboratory

have been found not to contain 3-methylhistidine)

.

Significance to Bio-Medical Research: This work is aimed at a better

underscanding of muscular contraction. The ultimate aim of these structural

studies is to pinpoint those amino acid-residues (methylated as well as

non-methylated) that play a critical role in contraction and those residues
which if either altered (e.g. demethylated) or replaced, would result in

muscle disease.

Similarities between actins isolated from a number of species (e.g. ameba)

indicates that this work on the primary structure of rabbit skeletal actin
should be applicable to actins from other sources.

Proposed course of Research: After the cyanogen bromide fragments of

rabbit skeletal actin have been ordered studies will be undertaken to
elucidate the active site of the actin molecule (e.g. that part which
interacts with myosin) . Preliminary studies have been undertaken to
identify a unique sulfhydryl in one of the six half cysteine residues
that might be involved in actin: actin or actin: myosin interactions.

Publications

:

Kuehl, W.M. and Adelstein, R.S.: The absence of 3-methylhistidine in red,
cardiac and fetal myosin. Biochem. Biophys. Res. Comm. 39, 5, 1970.
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1. Laboratory of Biocheniistry I

2. Cellular Physiology *

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title; The isolation and purification of human platelet
myosin.

Previous Serial No. None

Principal Investigators:

Other Investigator;

Robert Adelstein
W. Michael Kuehl
W. Wayne Kielley

Mary Anne Conti.

Project Description:

Objectives: The presence of myosin and actin-like proteins in blood platelets
have been reported in other laboratories. However these proteins have
never been well purified nor have their properties been defined.

It is the purpose of this study to isolate and purify the myosin-like
protein in human blood platelets and to compare these properties to myosin
isolated from skeletal and smooth muscle. Moreover the role of the muscle-
like proteins in platelet contraction and the possible role in thrombus
formation will be studied.

Methods Employed and Major Findings:

In isolating a myosin-like protein from blood platelets we have made use of
classical methods of protein isolation (i.e. high ionic strength extraction
with low ionic strength precipitation, (NH4)2S04 fractionation) as well as
more recently developed techniques (Sepharose fractionation, affinity
binding of platelet myosin to rabbit skeletal actin) . Other techniques
used include electron microscopy, SDS polyacrylamide gelelectrophoresis, and
amino acid analysis. This last technique has been modified to include the
identification of methylated amino acids that have been found in this
(Kuehl and Adelstein, BBRC , 371, 1969) and other laboratories to exist
in contractile proteins from numerous sources (e.g. ameba actin and platelet
actin)

.

Starting with platelet concentrates we have succeeded in isolating two
myosin like proteins. Both proteins resemble smooth muscle myosin m
having ATPase enzymic activity that is stimulated by both EDTA and Ca"*""*"

and inhibited by Mg"*"^. Moreover both proteins bind to rabbit skeletal
actin and are released by Mg-ATP.
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The two proteins differ in molecular weight, the heavier on coelectrophoresing
with the heavy (200,000) subunit of rabbit skeletal myosin in 0.1% SDS
polyacrylamide gel electrophoresis. The lighter protein has a molecular
weight of alOO,000 in the same system.

Electronmicroscopic confirmation of structural similarities to rabbit
skeletal myosin has recently been obtained with Dr. Thomas Pollard. The
heavier species forms aggregates in the presence of low salt which are
similar to the "thick filaments" observed for skeletal myosin. Moreover the
lighter species forms "arrowheads" on interaction with rabbit skeletal actin -

similar to rabbit skeletal heavy meromyosin.

Significance to Bio-Medical Research: The purpose of isolating contractile
proteins from platelets is to discover the role that these proteins play in

platelet aggregation, platelet contraction and possible thrombus formation.
Furthermore it now appears that there are marked similarities between muscle
and platelet myosin and therefore any understanding of how platelet myosin
works should give insight into the mechanism of muscle contraction.

Proposed Course of Research: The exact relationship between the heavy and
light myosin-like proteins will be studied. The light species may repre-
sent a proteolytic subfragment of the heavier molecule, which is similar to
the proteolytic fragment of skeletal myosin in having retained both actin
binding and enzymic properties of the parent molecule. It is possible that
the light fragments may have physiological significance, being generated by
thrombin digestion.

An effort to isolate and purify the actin-like protein of platelets will be
undertaken and future studies will involve the interaction of these two
contractile proteins and their relationship to thrombus formation and
clot retraction.

Publications;
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Individual Project Report

July 1, 1970 through June 30, 1971

Membrane Biochemistry

NHLI-223

Principal Investigators: Edward D. Korn
Andrew G. Ulsamer
Thomas Olivecrona
Edward Victoria

Other Investigators:

Project Description:

Paddy L. Wright

Objectives: To study the chemical, physical, structural and metabolic
properties of plasma membranes

.

Methods Employed: Plasma membranes are isolated from the amoeba, Acanthamoeba
castellanii , by sucrose gradient centrifugation and subjected to the usual
chemical analyses for lipids, proteins, carbohydrates, and enzymes. Membranes
are dissolved in appropriate solvents and proteins and carbohydrates fraction-
ated by gel chromatography and analysed by polyacrylamide gel electrophoresis.
In metabolic experiments the usual radioactive tracer techniques are employed.

Major Findings:
1 . Isolation of plasma membranes from the amoebae has become a routine
procedure enabling the preparation of 30-50 mg of membranes of high purity.
It has been found that plasma membranes from young cells (5 day cultures)
contain an alkaline phosphatase of high specific activity which is purified
some 15-20 fold over the whole homogenate. Possibly a Mg-ATPase, but no
other enzyme has yet been found associated with the plasma membrane (except
for 5 ' -nucleotidase activity which may be due to the alkaline phosphatase).

This low enzymatic content relative to plasma membranes of mammalian and
bacterial cells is not entirely unexpected because there is no evidence to
suggest that the amoeba is capable of active transport and other metabolic
activities associated with the plasma membrane of other cell types .

2. The isolated plasma membrane can be extracted with chloroform ;methanol to
give a lipid-free residue (the lipids have been characterized previously) .

This residue is completely soluble in 57= sodium dodecylsulfate or in 8M urea.
It contains a high concentration of non- lipid phosphorus (1 |jmole/mg protein)
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and carbohydrate (anthrone reaction; 1 lamole "glucose"/mg protein). When
a urea solution of the lipid-free residue is chromatographed on Sephadex-G
200, the P and carbohydrate are quantitatively recovered in a voided peak
together with a small fraction of the protein. Most of the protein is eluted
near the salt boundary with an apparent molecular weight less than 15,000.
Indeed, much of the protein is too small to be voided on G-25 and none of it

is voided on G-50. SDS-gel electrophoresis of the original membrane, or of
the lipid-free residue gives at the most 3 protein bands (which also stain
for carbohydrate) each of which migrates in the region where standard proteins
of less than 15,000 molecular weight are found.

The phosphorus is not released as inorganic phosphorus upon hydrolysis in
3N HCl at 100° for several hours . The nature of the residues to which it is

linked is not known.

The carbohydrate contains glucose, xylose, mannose and at least one unknown
sugar

.

Significance to Bio-Medical Research: An understanding of the structure,
function and biosynthesis of the plasma membrane is necessary if we are to
understand such important processes as transport, cell-cell interactions,
pinocytosis and phagocytosis among others .

Proposed Course of Project: It is hoped to determine the number of protein
constituents in the plasma membrane and to define their general properties.
It is also intended to identify the nature of the non-lipid phosphorylated
compound. In addition, the effect of selective removal of membrane lipids
on the membrane structure will be studied by spectroscopic, enzymatic and
electron microscopic techniques

.
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Project Title:

Previous Serial No.:
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Individual Project Report

July 1, 1970 through June 30, 1971

Cytology of Acanthamoeba

NHLI-225

Principal Investigators: Blair Bowers
Edward D . Korn

Other Investigators:

Cooperating Units:

Project Description:

Thomas E

,

Robert J,

Olszewski
Anstead

NASA, Quality Assurance Division

Objectives: To elucidate the structural basis of biochemical and physio-

logical events in the soil ameba, Acanthamoeba castellanii . Our current

emphasis is on the study of pinocytosis and phagocytosis in the ameba.

Methods Employed:
1. Transmission electron microscopy: standard techniques of fixation, em-

bedding, and sectioning are the main techniques employed.

2. Light microscopy: phase contrast and Nomarski interference optics are

used to examine living cells for correlation with the electron microscopic

images

.

3. Radioactive tracers are being used for quantitative studies of uptake of

soluble molecules by Acanthamoeba .

4. In collaboration with Robert J. Anstead, the scanning electron microscope

is being used for examination of whole cells at magnification and resolution

higher than that obtainable with the light microscope.

Major Findings

:

lo Our major effort this year has been in the quantitative study of pino-

cytosis in the ameba in order to assess its significance in surface membrane

turnover. With the soluble protein, horse radish peroxidase, it is possible

to visualize pinocytosis with the electron microscope . This evidence has

indicated that the soluble molecules enter the cell by small surface vesicu-

lations of 100-200 ma in diameter. Using scintillation counting of tritiated

compounds to assess uptake of other molecules, we have studied the uptake
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process of inulin, serum albtimin, glucose and amino acids by the ameba . Each
of these quite different compounds appears to be taken up at approximately
the same rate . For albumin the uptake is linear over a wide concentration
range. The biochemical data are consistent with the EM observations and
point to pinocytosis as the major, if not exclusive, mechanism for uptake of
soluble molecules from the medium. Pinocytosis appears to occur continuously
in the culture medium. The quantitative data for uptake together with the
EM observations of the mode of uptake allow an estimate of surface depletion
by pinocytosis. Assuming a pinocytic vesicle size of 100 mia and an average
ameba surface of 2200 \x , then the observed rate of pinocytosis would result
in complete surface turnover roughly every minute

.

2. To examine the question of the relationship between phagocytosis and pino-
cytosis, we have examined these two events simultaneously and compared the
impairment of these functions in the presence of inhibitors . It was discovered
that uptake of particles by the ameba inhibits uptake of soluble molecules by
pinocytosis, but both events are inhibited to the same extent by inhibitors of
aerobic metabolism (Azide, cyanide, and 2,4 dinitrophenol) and not at all by
inhibitors of glycolysis (iodoacetate and flouride) . Examination of the effects
of an inhibitor of protein synthesis on these two events is in progress

.

3. In collaboration with Robert J. Anstead at the Goddard Space Flight Center,
Greenbelt, Md., we have been examining events of capture and ingestion of
particles by scanning electron microscopy. This instrument allows observation
of intact, frozen-dried amebas at a resolution of approximately 500 A, The
imaging system has a large depth of focus and the resulting image is a three-
dimensional representation of the ameba. With stereo pairs, in particular,
this kind of observation allows excellent visualization of the capture events
in phagocytosis as well as the relationship of the locomotory ameba to the
substrate and a much clearer indication of surface topography in the ameba.

Significance to Bio-Medical Research: Phagocytosis is a major mechanism of
defense against infection and pinocytosis may possibly function in the immune
response. These processes can be profitably studied in the ameba where experi-
mental conditions are simplified, and where phagocytosis is much exaggerated.

Proposed Course of Project: We will pursue the studies on pinocytosis and
begin to look more closely at surface membrane structure with the freeze-etch
technique ,

Publications

:

Cabib, E. and Bowers, B.: Chitin and Yeast Budding. Localization of Chitin
in Yeast Bud Scars. J. Biol. Chem. 246:152-159, 1971.
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Project Title:

Previous Serial No.
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Individual Project Report

July 1, 1970 through June 30, 1971

Study of Motility in Ameba

IfflLI 224

Principal Investigators: Edward D . Korn
Robert R. Weihing
Thomas D. Pollard

Other Investigators:

Cooperating Units:

Robert S. Adelstein
W. M. Kuehl
Thomas Stossel

NHLI, Laboratory of Biochemistry, Section on
Cellular Physiology
NHLI, Molecular Disease Branch

Project Description: To study the biochemical and morphological basis of

movement in ameba and other motile cells .

Methods Employed: Standard methods of peptide chemistry including cyanogen
bromide cleavage, gel and ion exchange chromatography, and amino acid analysis
have been used to identify peptides of ameba actin. Possible effects of a

new drug, cytochalasin B, on contractility have been assayed by viscometry
and enzymatic analysis of purified contractile proteins and by searching for

an effect on phagocytosis of polystyrene latex beads by the amebas

.

Standard methods of protein chemistry have been used to identify and partially
purify a myosin-like ATPase in extracts of Acanthamoeba . Its enzymatic
properties are being studied using standard techniques of enzymology and its
physical and chemical properties are now being investigated using gel electro-
phoresis, analytical ultracentrifugation and amino acid analysis. The inter-
action of the ameba myosin with muscle actin has been studied by enzymatic
methods and preparative ultracentrifugation.

Negative staining electron microscopy has been used to study complexes of
heavy meromyosin with thin filaments of Amoeba proteus and human platelets
and to study the morphology of thick filaments formed by a myosin like enzyme
from platelets. Phagocytosis in macrophages has been studied by the usual
techniques of thin sectioning.

Major Findings

:

1. Ameba actin, as described last year, resembles muscle actin in most of its
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properties . It has been further characterized by the techniques of peptide
chemistry. The ameba actin has been cleaved with cyanogen bromide, and the

peptides separated by gel filtration. The peptide containing the unusual
amino acid 3-methylhistidine has been purified by ion exchange chromatography.
Its amino acid composition is very close, if not identical, to the peptide
from muscle actin, designated CB-10. The peptide from ameba actin which
contains the unusual amino acid *= -N-dimethyllysine has been partially puri-
fied . Its composition resembles that of another cyanogen bromide peptide
of muscle actin designated CB-16 which does not contain £'-N-dimethyllysine

.

A third peptide of ameba actin, having a composition resembling that of

CB-17 from muscle actin has also been identified.

2. Cytochalasin B is a complex mold metabolite which has been reported to

inhibit movement and cytokinesis in various organisms . This inhibition is

associated with the disorganization or disappearance of thin filaments thought
to be associated with these movements . We have therefore investigated the
effect of cytochalasin B on muscle actin. When muscle actin is polymerized
in the presence of cytochalasin, the viscosity of the solution increases
more rapidly than in controls, but the final viscosity reached is less than
that of the control. If cytochalasin is added to a solution of actin
polymer, the viscosity is lowered to a level about equal to that reached in
the experiment just described. The decreases in final viscosity suggest
that actin, in the presence of cytochalasin, cannot polymerize as completely
as control actin. The apparent increase in the rate of polymerization
induced by the presence of cytochalasin is not understood.

We have investigated the effect of cytochalasin and other compounds on phago-
cytosis of polystryene latex beads by the ameba. Since the ameba actively
engulfs the bead during phagocytosis, one might hope to observe an effect
of this inhibitor of motility on bead uptake. When phagocytosis was assayed
with cells suspended in growth medium, no effect of the drug or of the
dimethylsulfoxide used to dissolve it were observed.

3. Amoeba myosin: A myosin-like enzyme was identified in extracts of
Acanthamoeba by fractionating a high speed centrifugal supernatant by gel
filtration and then testing the several fractions which contained ATPase
activity for their ability to interact with muscle F-actin in two ways:
1) ATP-reversed binding of the ATPase to F-actin as analyzed by ultracentri-
fugation and 2) activation of the Mg-ATPase activity of the enzyme at low
ionic strength by muscle F-actin. One ATPase was found which fulfilled these
criteria for myosin and it has been purified over 200 fold using ammonium
sulfate fractionation and chromatography on DEAE-cellulose, Sephadex G-200
and hydroxylapatite . The enzymatic properties of the purified protein
resemble those of muscle myosin: ATPase activity is highest (about 3 |j.moles/
min/mg protein) in 0.5MKC1 in the presence of EDTA, this EDTA-ATPase activity
is inhibited by lowering the KCl concentration or adding NaCl, the Ca-ATPase
activity is 15% of the EDTA-ATPase activity, and O.lmMMg inhibits the
enzyme over 98%. Like muscle myosin, the Mg-ATPase of ameba myosin is activa-
ted by muscle F-actin. This activation is dependent on the actin concentration;
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it is possible to construct liner reciprocal plots of l/(actin) vs. 1/ATPase

and thereby determine the maximal actin-Mg-ATPase activity by extrapolation

to infinite actin. Actin activation of over 30-fold has been measured in

purified preparations. This actin activation is inhibited at higher ionic

strengths as with muscle myosin. The interaction of the ameba myosin with

muscle actin has also been studied by measuring binding to muscle actin in

the ultracentrifuge . The enzyme appears to bind weakly to actin in 0.5MKC1,
requiring high concentrations of actin to sediment in all of the ATPase . The

molecular weight of the ameba myosin appears to be very different from that

of any other myosin studied (including that of various muscles and slime

mold MW=450,000) and has been estimated to be between 125,000 and 140,000 by

Sephadex and Sepharose gel filtration in 0.5MKC1. In addition, the major

band (accounting for about 707o of the protein) in SDS polyacrylamide gel

electrophoresis of the most highly purified preparation corresponds to a

molecular weight of 140,000. Because this molecular weight is so much

smaller than that of other myosins and because muscle myosin is subject to

proteolytic digestion into enzymatically active fragments, it was important

to establish that the ameba myosin we have purified is not simply a fragment

of a larger native myosin. Two experiments suggest, but do not prove that

the native ameba myosin has a molecular weight of 140,000: a) incubation of

the crude ameba homogenate for long times before centrifugation at 100,000g

did not alter the yield of the EDTA/Ca-ATPase or change its partition coeffic-

ient on Sepharose 6B (a measure of molecular size) ; and b) the ameba homo-

genate does not inactivate added muscle myosin or alter its size.

4. Identification of actin in a second type of ameba: Amoeba proteus has

frequently been used in studies of ameboid movement, but has not been useful

for biochemical studies because of difficulties in growing mass cultures.

We have indirectly identified actin in extracts of this ameba by observing

complexes of heavy meromyosin with the Amoeba proteus thin filaments in the

electron microscope. The repeating arrowhead complexes formed along the

thin filaments are dissociated by Mg-ATP and are indistinguishable morpho-

logically from the complex of heavy meromyosin with purified Acanthamoeba
actin and muscle actin, making the tentative identification of these thin

filament J as actin seem reasonable.

5. Electron microscopy of platelet myosin: In collaboration with Drs

.

Adelstein and Kuehl of the Section on Cellular Physiology, NHLI, myosin
isolated from human platelets has been studied in the electron microscope.
A high molecular weight fraction of platelet myosin forms bipolar thick

filamentous aggregates at low ionic strength which are similar to aggregates
of muscle myosin, having a bare central region and tufted tapered ends. A

low molecular weight fraction does not form these thick filaments, but like

low molecular weight fragments of muscle myosin (heavy meromyosin of sub-

fragment) it forms characteristic arrowhead shaped complexes with muscle
F-actin

.

6. Electron microscopy of phagocytosis in leucocytes and macrophages: In

collaboration with Drs. Stossel, Mason and Vaughan, Molecular Diseases Branch,

NHLI, the phagocytosis of parafin oil emulsion by leucocytes and macrophages
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has been studied. These observations showed that the emulsion is taken up
into membrane bounded phagocytic vesicles into which the contents of the cells
granules or lysosomes are emptied . Purified fractions of phagocytic vesicles
isolated by density gradient ultracentrifugation were also examined and were
found to consist of membrane bounded vesicles containing the droplets of
parafin oil and granule contents. A few granules contaminated these fractions,
but many of these granules were adherent to the membranes of the phagocytic
vesicles . No other contamination was found .

Significance to Bio-Medical Research: An understanding of the mechanism of

movement of non-muscle cells is fundamental to the understanding of such
biological processes as phagocytosis, clot retraction, cell division, embryo-
logical development, cancer metastases, control of movement and localization
of intracellular organelles, and mitosis.

Proposed Course of Research:
1. Amebamyosin: The purification procedure for the myosin will have to be

modified to yield an essentially homogeneous protein which retains ability
to be activated by actin. Purity will be evaluated by gel electrophoresis in
both SDS and urea systems, electrofocussing, and analytical ultracentrifugation.
The molecular weight will be determined by both SDS gel electrophoresis and
equilibrium ultracentrifugation. The molecular weight behavior in gel chroma-
tography, and viscosity will be combined with observations in the electron
microscope (if possible) to evaluate the shape of the molecule. The presence
of small subunits such as those found in muscle myosin will be evaluated by
gel electrophoresis and comparison of the analytical ultracentrifuge behavior
of the molecule in its native form and in denaturing solvents. Amino acid
analysis will be done with particular attention to the possible presence of

the rare methylated amino acids found in muscle myosin: 3-methylhistidine,

c" -N-mono- and tri-methyllysines . The solubility and state of aggregation
of the ATPase at low ionic strength will be studied by ultracentrifugation
and electron microscopy to determine the form in which the myosin exists in

the cell. More detailed enzymatic studies will be done using a pH-stat to

characterize the substrate and ion specificity of the enzyme. The interaction
of the ameba myosin with F-actin from both muscle and the ameba will be

studied by detailed enzyme kinetic analysis, by binding studies in the ultra-
centrifuge and by electron microscopic observations of complexes . The
influence of muscle tropomyosin on the enzymatic interaction of ameba myosin
and F-actin will be determined.

Publications

:
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227:1263, 1970.
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.

Biochemistry . 10:590, 1971.
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ANNUAL REPORT OF THE
LABORATORY OF CHEMICAL PHARMACOLOGY
NATIONAL HEART AND LUNG INSTITUTE
July 1, 1970 through June 30, 1971

DRUG METABOLISM AS A CAUSE OF DRUG TOXICITY

It is now recognized that many chemically inert organic compounds are
transformed in the body to potent alkylating agents which combine with tissue
components, such as proteins, lipids and nucleic acids, and thereby result in
carcinogenesis and mutagenesis . This laboratory is being reorganized to ex-
plore the possibility that tissue damage caused occasionally by therapeutic
and environmental substances is also mediated by reactive metabolites. To
test this view, the laboratory has studied 1) whether treatments which alter
the metabolism of known toxicants also alter the severity of tissue lesions,
2) whether radiolabeled toxicants become covalently bound to tissue macro-
molecules in vivo and 3) whether the covalently bound label is localized in
the damaged areas of the tissues. We also plan to determine whether the mac-
romolecules altered by the toxicants may serve as antigens. With these stud-
ies on the mechanism of known toxicants we hope to gain an insight into the
nature of tissue lesions caused by therapeutic agents and the effects of drug
interactions on such lesions.

Hepatotoxicity

Halogenated aromatic hydrocarbons : The following evidence now suggests
that a number of halogenated aromatic hydrocarbons, such as bromobenzene,
cause centrolobular necrosis by being converted to epoxide which in turn be-
come covalently bound to macromolecules in liver. 1) Pretreatment of rats
and mice with phenobarbital (PB) , which enhances bromobenzene metabolism, in-
creases the centrolobular necrosis caused by the toxicants , whereas simulta-
neous administration of 6-diethylaminoethyl diphenylpropylacetate (SKF 525-A)

,

which inhibits bromobenzene metabolism decreases the toxicity. These find-
ings suggested that the necrosis was mediated by metabolites and not by the
parent compound. 2) Autoradiographs of paraffin sections of liver after ad-
ministration of l^C-bromobenzene or l^C-chlorobenzene showed that the label
was localized in the necrotic centrolobular zone rather than in the peripor-
tal region and was in fact increased by pretreating the animals with PB and
decreased by SKF 525-A. 3) Direct evidence that metabolites of ^^C-bromo-
benzene were covalently bound to liver components was obtained by exhaustive
extraction of liver homogenates with methanol, isolation of radiolabeled pro-
teins by Sephadex chromatography, enzymatic hydrolysis of the proteins and
isolation of the radiolabeled amino acids. Most of the radiolabel is asso-
ciated with three amino acids, which have not yet been identified.

Pretreatment of rats with 3-methylcholanthrene (3-MC) increases the
amount of bromobenzene dihydrodiol and bromocatechol conjugates and decreases
the amount of bromobenzene mercapturic acid excreted into urine, whereas pre-
treatment with PB does not alter the pattern of the urinary metabolites.
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Since pretreatment of rats with 3-MC decreases the amount of covalently bound
bromobenzene in liver and prevents centrolobular necrosis but does not appre-
ciably alter the rate of bromobenzene metabolism, it seeris likely that 3~MC

prevents necrosis by decreasing the level of the toxic intermediate, presum-
ably by increasing its elimination along nontoxic pathways.

Since mercapturic acids are formed from conjugates of glutathione (GSH)

,

we studied the properties of the hepatic enzjrme system which catalyze the

formation of these conjugates of bromobenzene and other halogenated benzene
derivatives. The results of our studies are consistent with the view that a

cytochrome P-450 system in liver microsomes catalyzes the conversion of bromo-

benzene to its epoxide which in turn is converted to the GSK conjugate by a

GSH transferase in the soluble fraction. This epoxide mediated pathway' of

metabolism is apparently related to liver necrosis since all those halogen-
ated benzene derivatives which form the GSH conjugates in vitro also caused
centrolobular necrosis in PB pretreated animals

.

Additional biochemical evidence suggests that GSH protects animals from
the toxic effects of the halogenated aromatic hydrocarbons, since most of the
covalent bonding occurs only after the GSH becomes sufficiently depleted to

slow the elimination of the epoxide. In accord with this view 1) the toxic-
ity and covalent bonding of bromobenzene is markedly enhanced by prior admin-
istration of diethyl maleate which depletes liver GSH. 2) Pulse labeling ex-
periments indicate that the pattern of metabolites changes as bromobenzene
depletes the liver of GSH. 3) With toxic doses of bromobenzene there is a
delay in the accumulation of covalently bound bromobenzene metabolites; the
covalently bound metabolites are low during the few hours, increase exponen-
tially and attain levels as high as 10 nmoles/mg protein at 12-24 hours.

Other hepatotoxicants : Although the formation of epoxides may mediate
liver necrosis induced by aromatic hydrocarbon derivatives, they clearly
cannot account for the effects of all hepatotoxicants. Nevertheless, auto-
radiographs revealed that covalently bound metabolites of radiolabeled CCI4,
CHClo, and thioacetamide are localized in the necrotic centrolobular regions
of liver. Pretreatment with PB enhanced the binding of CCl^ and CHCl^ and
their toxicity whereas SKF 525-A diminished both the binding and toxicity.

On the other hand, the periportal necrosis caused by allyl alcohol is not
enhanced by PB but is prevented by prior administration of pyrazole, which
presiimably acts by blocking alcohol dehydrogenase. Autoradiographs of par-
affin sections after the administration of radiolabeled allyl alcohol showed
that large amounts of label were bound in the periportal region rather than
in the centrolobular region and that pyrazole administration decrease^ the
amount of bound radiolabel. Exhaustive extraction of liver homogenates with
methanol, confirmed that the radiolabeled metabolites of allyl alcohol were
covalently bound.

Effect of hepatotoxicants on liver and plasma triglycerides ; In female

rats liver triglycerides increase after the administration of bromobenzene,
thioacetamide and allyl alcohol. Since the triglycerides were localized in

the centrolobular region after administration of bromobenzene or thioacet-
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amide, but in the periportal region after the administration of allyl alco-
hol, triglyceride accumulation occurs in the same zone as does necrosis.

Plasma triglycerides decrease after administration of thioacetamide,

allyl alcohol and bromobenzene, but the decrease is delayed until 6-8 hours

after the administration of allyl alcohol or bromobenzene. In accord with

these findings the release of newly synthesized plasma proteins is impaired
at 12 hours but not at 4 hours after bromobenzene administration.

Bone Marrow Damage

Within a few hours after the administration of the carcinogenic agent,

7,12-dimethylbenzanthracine (DMBA) to rats, DNA and protein synthesis is

markedly reduced in bone marrow cells isolated from the femur, as shown by
decreased incorporation of -^H-thymldine and '-^C-labeled amino acids. Since

7,8-benzof lavone, which inhibits the metabolism of DMBA by extrahepatic
tissues but not by liver, prevented the bone marrow damage, it seems likely

that the toxicity is mediated by an active metabolite of DMBA. It is not

yet certain whether toxic metabolite is formed directly in bone marrow Itself.

Repeated injections of benzene into animals are required to cause bone

marrow damage. The delay in onset of the damage may be due to an alteration
in the pathways of benzene metabolism, because after a single dose, benzene
is converted almost entirely to phenol whereas after repeated doses consid-

erable amounts of benzene dlhydrodiol, catechol and mercapturate are also

formed. These results suggest that chronic administration induces an enz3nne

that leads to the formation of benzene epoxide rather than to a direct hy-
droxylation reaction. By contrast, pretreatment with piperonyl butoxlde or

PB does not appreciably affect either the rate or the pathways of benzene
metabolism, but prevents the bone marrow damage. In attempting to identify

the active metabolite, however, we have found that the toxicity is probably

not mediated by phenol, catechol or hydroquinone ; thus the mechanism of ben-

zene-induced bone marrow damage remains unclear

.

Covalent Bonding to Other Organs

Lung' ; Autoradiographs of paraffin sections after the administration of

l^C-labeled bromobenzene, chlorobenzene or naphthalene to mice showed large

amounts of radiolabel bound to the bronchial epithelium. Exhaustive extract-

ion of homogenates of lung taken from ^'^C-bromobenzene-treated animals re-

vealed that the amount of covalently bound metabolites in lung was about a

fifth of the amount found in liver. Covalently bound bromobenzene was in-

creased by prior administration of PB and decreased by SKF 525-A, suggesting

that the alkylating agent is formed in lung tissue. In accord with this view,

bromobenzene is metabolized by lung homogenates.

The carcinogenic agent DMBA also is covalently bound to lung and the

amount of bound metabolites is decreased by simultaneous administration of

7,8-benzoflavone, which presumably inhibits the activation of the carcinogen

in this tissue.
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Although no evidence was obtained that single doses of halogenated ben-
zenes or DMBA cause damage to the lung, it is possible that their repeated

administration may result in damage.

kidney: Autoradiographs of paraffin sections after administration of
^ *C-bromcbenzene showed accumulation of the label in the coiivoluted tubules.

Preliminary data suggest that bromobenzene is activated by kidney microsomes
to react with GSH. These studies still underway suggest that the halogenated
hydrocarbons cause kidney toxicity via an active metabolite.

Tastes: Within 4 hours after administration, DMBA causes testicular
necrosis, as measured by a decrease in I'^C-thymldine incorporation. Simul-
taneous administration of 7,8-benzoflavone decreases not only the necrosis
but also the aruount of covalently bound metabolites of DMBA.

Alterations in the Binding of Drugs to Serum Proteins

Neonatal albumin : Apparent differences in the binding of drugs by serum
albumin of newborn infants and that of adults have hampered the interpretation
of drug plasma levels in neonates. An investigation of sulfaphenazole binding
by albumins from adults and cord blood of humans has revealed that occupancy
of albumin binding sites by slowly metabolized components, such as bilirubin,
in neonatal blood may account for some of the apparent differences.

Aspirin: The acetylation of serum albvimin by aspirin occurs both in vitro
and in vivo . Although no major changes in the conformation of the protein
were discernible by optical methods and experiments with l^C-aspirin showed
that the binding sites for drugs were not themselves acetylated, acetylation
increases the affinity of the protein for phenylbutazone and reduces that for
flufenamic acid.

Effect of PB on corticosterone metabolism : Since repeated administration
of PB to animals enhances the metabolism of steroids by liver microsomal en-
zymes, it has been suggested that PE might cause toxic reactions by decreasing
the levels of glucocorticoids and other steroids. However, we have found that
PB treatment of rats increases the rate of metabolism of tracer doses of cor-
ticosterone, but does not alter the plasma level of the steroid. These find-
ings thus suggest that the mechanisms which normally control the plasma levels
of corticosterone are fully able to counteract the increased corticosterone
metabolism by stimulating its synthesis.

MECHANISMS OF DRUG METABOLISM

NADPH-dependent hydroxylases in liver microsomes catalyze the oxidation of
a vast number of drugs and other foreign components, including many hepato-
toxicants and carcinogenic agents. In the current view of the mechanism of
these enzymes, the substrate combines with the oxidized form of a cytochrome,
called cytochrome P-450. The complex is then reduced by NADPH by way of NADPH-
cytochro-me c reductase and the reduced substrate-cytochrome P-450 in turn re-
acts with oxygen to form an "active oxygen" complex which decomposes with the
formation of the oxidized drug and the oxidized cytochrome P-450.



This mechanism implies that equivalent amounts of NADPH, oxygen and sub-

strate are consumed in the reaction. But studies to evaluate the stoichio-
metric relationships have been hampered by the endogenous oxidation of NADPH.

With methods devised to correct for NADPH-oxidation by enzyme systems other

than cytochrome P-450, we have obtained stoichiometric relationships which
approach the theoretical 1:1 relationship between the maximum oxidation of

NADPH and substrate, but only when the maximum rate of substrate oxidation
was estimated from Lineweaver-Burk plots. At high substrate concentrations,
the oxidation of many substrates is inhibited while the substrate-stimulated
NADPH-oxidation is not. The reason for the substrate inhibition is not clear

but it is possible that high concentrations of substrate affect the affinity
of the reduced or oxygenated forms of the cytochrome P-450 for the substrate.

Since only one electron is required to reduce the substrate-cytochrome
P-450 complex, the point at which the other electron from NADPH enters the

system has been puzzling. Other investigators recently suggested that the
electron might enter the system after oxygenation of the reduced substrate-
cytochrome P-450 complex and that the electron could come from NADH as well
as NADPH. According to this view, the stoichiometric relationships in a

system containing both NADH and NADPH should approach 1:1:2 for the oxidation
of NADPH, NADH and substrate. However, we have found that the ratio of

NADPH-oxidation to substrate oxidation was not altered by addition of NADH
even though the ratio of NADH oxidation to substrate oxidation approached the
theoretical 1:2 relationship. The reason for the discrepancy remains ob-
scure.

MEMBRANES AND BIOLOGICAL CONTROL MECHANISMS

Since control of the cardiovascular system is effected through the auto-
nomic nervous system, a goal of the laboratory is to establish the physio-
logic and molecular mechanisms by which signals are transfered between these
systems.

Na-K-ATPase : The Na-K-ATPase from rat kidney tubules, which mediates
the reabsorption of NaCl, has now been shown to form a stable complex with
Mg"*"*" and F~ ions . In this form the ATPase is inactive and remains so
throughout repeated washings. Despite its inactivity, the enzyme may be con-
verted into one of two conformations by temporary exposure to KT or Na"*".

These conformations are easily recognizable by the difference in the rate
constants for the regeneration of the active state when they are exposed to

15 mM Na2ATP, the Na^ dependent form being reactivated at a slower rate.
Conversion of the slow form to the fast form occurs by way of an intermediate
which is resistant to reactivation so long as K+ remains bound. Attempts to
study these conformational changes of the kidney ATPase by observing the
electron spin resonance spectrum of a bound, spin-labeled analogue of ATP,
tetramethyl-N-oxylpiperidine-ADP, were unsuccessful but did reveal the un-
expected presence of two populations of ATPase, one resistant and the other
sensitive to the spin-labeled analogue.

Transport and storage of NE and 5-HT : Previous results with heart slices
and isolated nerve endings have shown that transport and storage of NE and

4l3



5-HT depends on the interplay of Na"*", K"*" and Ca"*"*". The transport of the

amines by the amine carrier in nerve endings requires external Na"*" and low

external IT*" concentrations, but transport is blocked by high external IT" con-

centrations presumably by competing with external Na"*" for the amine carrier.

The recent finding in our laboratory that Na+ rapidly diffuses across the

synaptosomal wall suggested that the K+ gradient is more important than the

Na"^ gradient in the transport of the amines. In accord with this view, oua-

bain, which blocks the Na-K-ATPase almost instantaneously, causes depletion

of internal K+ without appreciably affecting the internal Na+ concentrations.

Moreover, In a K+-free medium containing Na^, transport of the amines ceases

after the synaptosomes are depleted of KT*".

Storage of the amines by synaptosomes and tissues also requires Na , but

the effects of Na+ on storage are noncompetitively antagonized by Ca"^.

Accordingly, in media containing Ca"*^ and low Na"*" concentrations, Ca'*"'' enters

synaptosomes as the amines and internal Na"*" are released. Presumably the

internal Ca"^ then causes release of the amines from the synaptic vesicles.

The mechanism by which Ca"^ is extruded from the synaptosomes, however, re-

mains unknown.

Cyclic AKP as a mediator of target organs : Cyclic AMP is known to medi-

ate the action of hormones and neurotransmitters in a number of tissues such

as fat cells, brain, lung and liver. Last year it was reported that insulin

did not change the initial rate of formation of radiolabeled cyclic AMP in-

duced by NE, but that it increases the rate at which radiolabeled cyclic AMP

disappears from intact cells of adipose tissue. These results were confirm-

ed with the recently developed method of Oilman, which measures total amounts

of cyclic AMP. However, the ratio of the specific activity of radiolabeled

cyclic AMP to that of radiolabeled ATP in cells from adipose tissue was con-

siderably less than one at low NE concentrations but the ratio increased as

the NE concentrations were increased. These findings suggest that high NE

concentrations mobilize pools of ATP that are not used at low NE concen-

trations.

6-Adreriergic receptor: Since both a- and g-recetpors are present in

aortic smooth muscle, the response to a dual agonist, such as epinephrine or

isoproterenol, represents the net effect of mutually antagonistic contractile

and relaxing forces. Tachyphylaxis to the 6-response could explain the obser-

vations, made in this laboratory, that upon repeated administration of iso-

proterenol relaxation diminishes and contractile responses appear. A number

of drugs, including a-antagonists and agents presumed to relax muscle by

several mechanisms, prevent the appearance of contractile responses to re-

peated treatment with isoproterenol. Preliminary dose-response data suggest,

however, that prevention of tachyphylaxis by some of these organic amines

occurs by a mechanism ordinarily not attributed to them. In other studies

B-responses in rat aorta have been shown to diminish with age at rates which

differ in various strains

.

Metabolism of acetylcholine in brain : With the use of the sensitive

analytical method developed last year for the assay of acetylcholine and

choline, it was discovered that pilocarpine increases the brain levels of

acetylcholine. The drug presumably acts by preventing the release of acetyl-

choline since it blocks acetylcholine synthesis and does not inhibit choline-
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sterase.

Since brain levels of choline are usually less than the K value of

choline acetyl transferase, it seems possible that the rate or acetylcholine
synthesis might be limited by the uptake of choline into brain tissues.
Studies on the uptake of ^C-choline into slices from various parts of the

brain showed that the rate of choline uptake was highest in the striatum and
lowest in the cerebellum. In the striatum, choline is rapidly converted to

acetylcholine; within 5 minutes about 30% of the radiolabeled choline is

present as acetylcholine.

Physieochemical studies of drug-receptor interactions : These included
a) the continued development of physical methods for studying the interaction
of drugs with membranes and b) the use of physical methods to elucidate the

interaction of drugs with purified protein "receptors" of general biological
interest.

a) Fluorescent "probes" have been used to probe the effects of drugs on

the hydrocarbon, glycerol and aqueous interfacial regions of the bilayered
membrane of human red cells. Butacaine perturbs primarily the hydrophobic
regions of the red cell membrane whereas the closely related tetracaine

causes much more widespread damage. Flufenamic acid, an anti-inflammatory
agent that stabilizes red cell membranes at low concentrations but labilizes
them at high concentrations, did not affect fluorescence of a probe presumed
to label the hydrophobic portion of the membrane but apparently displaced
another probe which presumably binds in the glycerol region of the bilayer.

b) The relative strength of binding of several cholchicine analogues

to microtubular portein purified from brain has been compared with the

relative antimitotic and anti-inflammatory effects of these compounds. For

example, those substances which readily displace colchicine from the micro-
tubular protein were effective in preventing the edema caused by injection
of sodium urate crystals into rat paws. These and other correlations indi-

cate that the binding site on microtubules must be similar in brain, mitotic
spindles and polymorphonuclear leucocytes. Occupancy of this binding site

by cholchicine requires a dimeric form of this ubiquitous protein and pre-

vents assembly into the tubular form which functions in the transport of NE
storage granules along the axon toward the site of their eventual release.

A spin-labeled sulfonamide has been synthesized and found to bind in a

1:1 complex with bovine erythrocyte carbonic anhydrase by fluorescence ti-

tration procedures that have been developed in this laboratory. This binding

results in noncompetitive inhibition of the enzyme. Electron spin resonance

spectra indicate strong immobilization of the inhibitor, presumably in a nar-
row crevice which X-ray studies have shown to contain the active site. With

the synthetic procedures developed in this laboratory we shall prepare spin-

labeled homologues with variable distances separating the stable free radical

and the sulfonamide. With these homologues it will be possible to probe the

depth of the central cavity by determining that chain length which just per-

mits increased degrees of freedom to the emergent spin label. In this way
the information derived from the use of spin labels can be correlated with

that obtainable from X-ray diffraction.
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Project Title: An investigation of the mechanisms by which various
steroids alter the hepatic microsomal mixed func-

tion oxidase system to alter drug metabolism
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Other Investigators: None

Cooperating Unit: Drs. Hamrick and Zampaglione are Research Associates
in the Pharmacology-Toxicology Program, NICMS

Project Description:

Objectives : Previous studies have indicated that various hormones regu-
late different steps in the sequence of events by which the hepatic mixed
function oxidase system metabolizes drugs. For example, testosterone is

thought to alter the binding of drugs in the type I category to cytochrome
P-450 as indicated by an increase in the type I spectral change. This
increase in the binding of the drug to cytochrome P-450 allows a greater rate
of reduction of cytochrome P-450 since the P-450-substrate complex is reduced
more rapidly than P-450 alone. The increased reduction rate results in an
increased rate of drug metabolism. Another group of hormones, the gluco-
corticoids, are thought to increase the activity of NADPH- cytochrome c

reductase, which in turn increases the rate of reduction of cytochrome P-450
and allows a greater rate of drug metabolism.

In this study the effects of spironolactone, methyl- testosterone, and
cortisone on the type I spectra, NADPH- cytochrome £ reductase, P-450 reduc-
tase, cytochrome P-450 content, NADPH oxidation, and the metabolism of hexo-
barbital and ethylmorphine were investigated. The objective of this investi-
gation was to elucidate the effects of testosterone and cortisone on the
hepatic mixed function oxidase system and to compare their actions with the
actions of spironolactone on this system.
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Methods Employed : Male and female Sprague-Dawley rats were used in this

study. Groups of each sex were pretreated with methyl-testosterone, corti-

sone, or spironolactone on two different dosage schedules. For acute pre-

treatment of animals weighing 160 to 180 g, 100 mg/kg of the drugs were

injected intraperitoneally twice per day for four days. For chronic pretreat-

ment of animals initially weighing 50 g, 20 mg/kg of the drugs were injected

subcutaneous ly in oil each day for four weeks. These animals were sexually

mature by the end of the experiment.

To determine the stoichiometric relationship between NADPH oxidation and

drug metabolism in microsomal suspensions, the maximal rates of drug metabo-

lism in air were determined, and the rate of NADPH oxidation was measured

both in the presence of V^^^^^ concentrations of substrates in air and in the

absence of substrate in a CO: O2 (9:1) atmosphere. The rates of metabolism

and the P-450 dependent NADPH oxidation were then related as follows:

(Metabolism f Air)
(NADPH Oxid. + Substrate + Air) - (NADPH Oxid. + CO)

Standard biochemical techniques were employed,

Major Findings :

1. P-450 Content: The P-450 content was not changed to any great extent

in the males or females by methyl- testosterone, spironolactone, or cortisone.

2. Stimulation of P-450 Reductase by Substrates: In control animals
the stimulation of P-450 reductase by substrates was sex dependent. The

P-450 reductase was stimulated approximately 30 percent in females and 100

percent in males

.

Following the acute pretreatment of the female rats with any of the

three steroids, the stimulation of P-450 reductase by hexobarbital and

ethylmorphine was increased. When compared to controls, the methyl- testo-

sterone and cortisone pretreatment approximately doubled the stimulability
of P-450 reductase, while spironolactone tripled the stimulability. The
acute pretreatment in males also increased the P-450 reductase stimulability
by substrates, but only about 25 percent.

In chronically pretreated male and female rats, the cortisone did not

increase the P-450 reductase stimulability, while both the methyl- testosterone
and spironolactone doubled the P-450 reductase stimulability. Interestingly,

the P-450 reductase stimulability of all the groups was depressed by the

chronic pretreatment as compared to the values obtained after the acute pre-

treatment .

Both spironolactone and methyl- testosterone increased the P-450

reductase stimulability of female rats to a value approximately equal to the

P-450 reductase stimulability observed in male rats whether the substrate
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was hexobarbital or ethylraorphine. However, only ethylmorphine metabolism
was increased to the level observed in males.

3. NADPH-Cytochrome _c Reductase: Following acute pretreatment of male
and female rats cortisone and spironolactone increased the NADPH- cytochrome

_£ reductase activity by 50 to 100 percent. Methyl- testosterone did not sig-

nificantly increase this reductase activity. After chronic pretreatment of
the male and female rats, the NADPH- cytochrome _c reductase activity was not
increased by any of the three pretreatments

.

4. Stoichiometric Relationship Between NADPH Oxidation and Drug Metabo-
lism: In male controls the stoichiometric relationship between drug metabo-
lism and NADPH oxidation was approximately 1:1 for both hexobarbital and
ethylmorphine. In females the relationship was approdmately 0.50:1.0 for

e thy Imorph ine

.

Methyl- testosterone or spironolactone pretreatment of females
increased the ratio for both hexobarbital and ethylmorphine toward 1:1, but

methyl- testosterone was more effective especially in chronically pretreated
females. Cortisone did not alter the ratio in females.

The stoichiometric relationship between drug metabolism and NADPH
oxidation in males was decreased following spironolactone pretreatment for

both hexobarbital and ethylraorphine to a ratio similar to those found in the

female control animals. Cortisone pretreatment also decreased the ratio for

both substrates but to a lesser extent than did spironolactone. Methyl-
testosterone maintained the ratio at approximately 1:1. So, the spirono-

lactone and cortisone apparently act to block some action of methyl- testo-

sterone on the mixed function oxidase system in male rats.

5. Binding of Type I Substrates to Cytochrome P-450: A sex difference
in the A

^^ of both hexobarbital and ethylmorphine to cytochrome P-450 was
observed as indicated by the change in the type I spectra. Spironolactone
pretreatment of female rats doubled the binding of hexobarbital to cytochrome
P-450 to a value approximately the same as in males but only slightly
increased the binding of ethylmorphine to cytochrome P-450. Methyl- testo-
sterone also increased the binding of both substrates, especially following
the chronic pretreatment. Cortisone had no effect on the binding in females
following the acute pretreatment but did double the binding of hexobarbital
after chronic pretreatment.

In male rats spironolactone did not alter the A^^.^ of either sub-

strate. Methyl-testosterone produced a 10 to 20 percent increase in the

binding of both substrates in males. Cortisone decreased the binding of both

substrates in males. So, spironolactone and methyl-testosterone apparently
act in a similar manner to increase binding of substrate to P-450, while
cortisone apparently competes with methyl- testosterone in males to decrease

the binding of substrate to cytochrome P-450.
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Significance to Biomedical Research and the Program of the Institute ;

This .Jtudy should provide a better understanding of the mechanisms by which
hormones alter drug metabolism.

Proposed Course of Project : This project has been terminated.

Honors and Awards: Dr. Gillette will be a Claude Bernard Professor, Univer-
sity of Montreal, April 22 and 23, 1971.

Publications: Stripp, B., Hamrick, M. , Zampaglione, N. , and Gillette,
J.R. : The effect of spironolactone on drug metabolism by
hepatic microsomes. J. Pharmacol. Exp. Ther . 176: 766-

771, 1971.
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1. Chemical Pharmacology
2. Enzyme Drug Interaction

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the oxidation of NADH stimulated by

NADPH and drugs in liver microsomes

Previous Serial Number: None

Principal Investigators: Dr. Henry Sasame
Dr. James R. Gillette

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : Hepatic microsomal cytochrome P-450 has been implicated as

the terminal oxidase in the metabolism of steroids, drugs and other foreign

compounds. In the current view of the mechanism of this enzyme, equivalent

amounts of NADPH, substrate and oxygen are consumed in the reaction. Since

the reduction of cytochrome P-450 requires only one electron, it seems

likely that the other electron reduces another site of the enzyme system

following the reduction of P-450. Recently, Hildebrandt _et al. (Fed. Proc .

29: 138, 1970) have suggested that this other site may be reduced prefer-

entially by NADH as well as by NADPH, since the mixture containing both

NADPH and drug substrate greatly enhanced the rate of NADH oxidation.

Furthermore, the finding that drug substrates in the presence of NADPH

decreased the steady- state levels of reduced cytochrome b^ in liver micro-
somes and that NADH increased it led Dr. Estabrook to propose that the extra
electron from NADH may be mediated by cytochrome b^ . According to this

mechanism, however, the stoichiometric relationship for the oxidation of

NADPH, NADH and substrate should approach 1:1:2. The purpose of this project
was to determine the validity of this mechanism.

Methods Employed : The stoichiometric relationship between the formation
of formaldehyde and oxidations of NADPH and NADH involved during the course

of N-demethylation of either ethylmorphine or aminopyrine by rat liver micro-

somes was investigated in air and in an atmosphere consisting of 907o CO and

107o oxygen. In order to eliminate a quenching effect of microsomal protein
on the spectrophotometer determination of pyridine nucleotides at 340 m/i,

the incubation mixtures were assayed for the formation of formaldehyde by

ii
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by the Nash method, for NAD by alcohol dehydrogenase method and for NADP by

glucose- 6-phosphate dehydrogenase method. The amounts of NADPH, NADK and

substrate oxidized in the presence of CO were then subtracted from the values

obtained in air.

Major Findings : Although the steady- state level of cytochrome b^ in

liver microsomes was lowered considerably under the combined effect of NADH,

NADPH and a substrate, there was no decrease in the steady- state level of

cytochrome P-450-CO complex, which was in an equilibrium with cytochrome
P-450_gjj-O2-substrate complex. In accordance with this observation, NADH

did not increase the rate of NADPH-dependent cytochrome P-450 reduction,

which is presumably a rate-limiting step, or stimulate the rate of reoxida-

tion of reduced P-450-CO complex.

In the absence of NADH, the ratio of the NADPH oxidation to aminopyrine
demethylation was about 1.4 but the addition of NADH did not decrease this

ratio even though the ratio of NADH oxidation to substrate oxidation
approached the theoretical ratio of 1:2. Similar results were also obtained
with ethylmorphine as a substrate. These findings strongly suggest that
the drug deviates a flow of electron from NADPH into some yet unidentified
pathway, which is also carbon-monoxide sensitive.

Significance to Biomedical Research and the Program of the Institute :

An understanding of the mechanism of the cytochrome P-450 enzymes in liver
microsomes may be important in the understanding of individual variations in

drug metabolism.

Proposed Course of Project : The project has been terminated.

Honors and Awards: None

Publications: Sasame, K.A. and Gillette, J.R.: Studies on the inhibitory
effects of various substances on drug metabolism by liver
microsomes: The effect of nicotinamide in altering the
apparent mechanism of inhibition. Biochem. Pharmacol . 19:

1025-1041, 1970

Sasame, H.A. and Gillette, J.R.: The inhibitory effects
of endogenous NADPH-pyrophosphatase on the reduction of
cytochrome c and the oxidation of drugs by liver microsomes.
Arch. Biochem. Biophys . 140: 113-121, 1971.
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3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: An approach to measure the stoichiometric relation-
ship between hepatic microsomal drug metabolism and
NADPH oxidation

Previous Serial Number: None

Principal Investigators; Dr. Bitten Stripp
Dr. Maynard E. Hamrick
Dr. Nicola G. Zampaglione
Dr. James R. Gillette

Other Investigators:

Cooperating Unit:

None

Drs. Hamrick and Zampaglione are Research Associates
in the Pharmacology-Toxicology Program, NIGMS

Project Description:

Objectives : The NADPH dependent hepatic microsome enzymes responsible
for the metabolism of a large number of drugs are often referred to as mixed

function oxidases (MFO) . According to the definition of MFO by Mason, this

implies a 1:1 relationship between the amounts of drug metabolized and NADPH
oxidized. This stoichiometry has been shown for only a few compounds and in

a recent study with spironolactone (NHLI-275), we found a close 1:1 relation-
ship with ethylmorphine but not with hexobarbital. Both of these are so-called
type I compounds and are assumed to be metabolized according to fig. 1. The

NADPH "^y^- ^
Red.

Substrate

Ox id

ydroxylated
substrate
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endogenous rate of NADPH oxidation may or may not be involved in metabolism of

subsJ.rate and therefore a true relationship between metabolites formed and

the related NADPH oxidation cannot be obtained simply by measuring substrate-

stimulated NADPH oxidation.

The purpose of this project was to develop a relatively quick and simple

method to estimate the NADPH utilization related to the oxidative metabolism

in the P-450 dependent electron transport system.

Methods Employed : Standard biochemical techniques were employed. The

^max ^^^ measured in air and in an atmosphere of O2/CO = 1/9. The NADPH oxi-

dation was measured endogenously and in the presence of maximal stimulating

concentrations of substrates, and both of these measurements were also carried

out in the O2/CO atmosphere The inhibitory effect of CO both on the endoge-

nous and on the substrate-stimulated NADPH oxidation was utilized to derive

two formulas, one of which related the metabolism to a corrected substrate
dependent NADPH oxidation; the other related the CO sensitive metabolism to

the CO sensitive, substrate dependent NADPH oxidation.

First formula: Let A represent the endogenous NADPH oxidation and be

the sum of the oxidation through three different pathways:

A = "S" + N + U

Where "S" is the part that can be stimulated by substrate and become directly
related to metabolism, N is the part not to be stimulated by substrate but
related to P-450 and U represents pathways that are unrelated to substrate
and P-450. The "S" pathway can be subdivided into a CO-inhibitable part S

and a CO- resistant part XS . Thus, in presence of substrate, let the NADPH
oxidation be B = S" + XS^ + N + U . In presence of O2/CO, let the rate equal
C = XS + U and finally in the presence of O2/CO and substrate, let the rate
of oxidation equal D = XS" + U . By subtracting C from B, one gets C - B =

S" + XS'- + N - XS; the true substrate related NADPH oxidation is by defini-
tion S* + XS*. Thus, error of B - C as a measure of Vj^gx will be N - XS.
N - XS , ho\>;ever, are of opposite signs and furthermore are assumed to be
small compared to S* + XS"'-; thus, the first formula is

V
t^axaj^^

CNADPH OXID. + SUBSTRATE IN AXE] - [NADPH OXID, + O2/CO!]

By the same reasoning, one arrives to the second formula, which reads:

^max„-^ - Vmaxfi /po^^^
Z2L—L- Here B - D = S-'^ + N; S'-'^ is by definition the CO-inhibit-

B - D

able metabolism. Thus, by dividing S-' + N, the denominator will be over-
estimated by N.
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Major Findings ; The two formulas were used to evaluate the stoichiometry
of the metabolism of ethylmorphine, aminopyrine, benzphetamine, £-chloro-N-
me thy lani line, imipramine and hexobarbital. Values close to 1 were obtained
for all substrates with both formulas. In most cases, the exact value of

1.00 was not obtained, not only because of the already mentioned small errors

in the formula, but also because the metabolism of the substrates (except for
imipramine and hexobarbital for which the disappearance methods were used)

was measured by their N-demethylation and not by their total metabolism. The
importance of using V rather than a V at saturated substrate concentration
becomes evident for substrates like £^-chloro-N-methylaniline and hexobarbital
where the velocity never gets close to the calculated Vjnax' either because of

substrate inhibition or protein precipitation at high substrate concentrations.
These high substrate concentrations, however, do not inhibit NADPH oxidation,
and this could be the reason why in previous studies hexobarbital was found
to have a different relationship to NADPH oxidation than ethylmorphine.

Significance to Biomedical Research and the Program of the Institute ;

The two formulas provide a tool for measuring the effectiveness of the NADPH
dependent hepatic microsomal enzyme system. In another study, it is shown
that different hormonal treatments of rats seem to alter their effectiveness.

Proposed Course of Project : Has been terminated.

Honors and Awards: None

Publications: castro, J. A., Greene, F.E., Gigon, P., Sasame, H. and
Gillette, J.R.: Effect of adrenalectomy and cortisone
administration on components of the liver microsomal mixed
function oxygenase system of male rats which catalyzes
ethylmorphine metabolism. Blochem. Pharmacol . 19: 2461-
2467, 1970.
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.

Chemical Pharmacology
2. Enzyme Drug Interaction
3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

A comparison of the effects of halothane and CCl/

on the hepatic drug metabolizing system

Previous Serial Number: NHLI-269

Principal Investigators: Dr. Donald C. Davis
Dr. David H. Schroeder
Dr. Theodore E. Gram
Dr. James R. Gillette

Other Investigators:

Cooperating Units:

Project Description:

Major Reginald L. Reagan

Drs . Davis and Schroeder are Research Associates in

the Pharmacology-Toxicology Program, NIGMS
Major Reagan is with the USPHS, NCI

Objectives : An investigation was undertaken to compare the effects of

halothane and CCI4 on various components of the drug metabolism system in

hepatic microsomes and to study the influence of phenobarbital pretreatment
on these effects.

Methods Employed : Ethylmorphine metabolism was measured by determining
the amount of formaldehyde liberated; aniline metabolism was assessed by mea-

suring the formation of £-aminophenol. Cytochrome P-450 content and NADPH
cytochrome £ reductase activity were measured employing spectroscopic methods.
Electron micrographs were prepared using an RCA EMU-3G electron microscope.

Major Findings : Both halothane and CCl^ significantly decreased micro-

somal ethylmorphine demethylase, NADPH-cytochrome c_ reductase, and cytochrome

P-450, but the effects were considerably less pronounced with halothane.
After phenobarbital pretreatment, halothane had no significant effect on

microsomal enzyme activities, but the effects of CCI4 were enhanced. Thus,

although impairment of microsomal drug metabolism by CCI4 appears to be medi-
ated by an active metabolite whose formation is stimulated by phenobarbital

pretreatment, halothane may act through a different mechanism.

Significance to Biomedical Research and the Program of the Institute :

Little information is available concerning the toxicity of halothane at a

molecular level. Since halothane is often administered clinically as an
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anesthetic to patients who are receiving a variety of drugs, it is important
to understand the effects ofhalothane on the metabolism of other drugs in
order to assess possible drug toxicities and interactions.

Proposed Course of Project : This project per se has been terminated but
studies on the interaction of other anesthetic agents with the drug metabo-
lizing system will continue.

Honors and Awards: None

Publications: Davis, D.C., Schroeder, D.H. , Gram, T.E., Reagan, R.L.. , and
Gillette, J.R. : A comparison of the effects of halothane and
CCl^ on the hepatic drug metabolizing system. J. Pharmacol .

Exp. Ther . , in press.

Gram, T.E., Guarino, A.M., Schroeder, D.H,, Davis, D.C.,
Reagan, R.L. and Gillette, J.R.: The effect of starvation
on the kinetics of drug oxidation by hepatic microsomal
enzymes from male and female rats. J . Pharmacol . Exp

.

Therap . 175: 12-21, 1970.

Guarino, A.M., Schroeder, D.H., Adamson, R.H., Call, J.B.
and Gram, T.E.: Studies of hepatic microsomal enzjmies,
serum proteins, and serum cholesterol after treatment of
rats with 1-asparaginase alone or in combination with
phenobarbital. J. Nat. Cancer Inst. 45: 783-787, 1970,
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1. Chemical Pharmacology
2. Enzyme Drug Interaction
3. Bethesda, Maryland

Project Title:

PHS -NTH

Individual Project Report

July 1, 1970 through June 30, 1971

Studies on the Resolution of Components of Mixed

Function Oxidases Concerned with Drug Metabolism

Previous Serial Number: NHLI -274

Principal Investigators: Dr. David Jollow
Dr , James R. Gillette

Other Investigators: None

Cooperating Units: None

Project Description:

Obje ctives: Last year we reported that studies on the purification of

the mixed function oxidases concerned with drug metabolism were hampered by

activation of the enzymes during the purification process. Activation

appeared to be dependent on the physical state of the submembrane particles

and varied appreciably from preparation to preparation, obscuring the

degree of purification. Similar activation of the drug metabolizing system

could be demonstrated in intact microsomal membranes by including high con-

centrations of salts in the reaction mixture.

The present studies were designed to investigate the nature of the

activation phenomenon.

Methods Employed: Standard biochemical techniques were employed.

Major Finding s; 1. Increase in the concentration of potassium phosphate,

sodium sulphate or potassium chloride in the reaction medium causes a marked

stimulation (Ca 2207o) of aminopyrine and ethylmorphine N-demethylase activ-
ities of rat liver microsomes. Activation is independent of the presence of

Versene (5 x 10" M) and appears to be related only to the ionic strength of

the reaction medium. 2. The effect of increasing ionic strength has been
studied on the following parameters: kinetic analysis of drug demethylation,
spectral titration, cytochrome-c reductase activity, endogenous and sub-
strate-stimulated NADPH oxidase activities, and endogenous and substrate-
stimulated cytochrome P-450 reductase activities. Comparison of these
various parameters indicate that the activation phenomenon is complex and is

due to the combination of several effects. 3. Comparison of kinetic analysis
of drug metabolism with spectral affinity titrations suggests that about 157o

of the increased metabolism may be due to an increased availability of sub-
strate binding sites on the microsomal membrane. 4. Comparison of the

Vlfi
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various enzyme activities and their stimulation by increasing ionic
strength in the reaction medium indicates that part of the activation
phanonienon is due to a marked stimulation of cytochrome P-450 reductase
activity, relieving the rate-limiting nature of this enzymic step in the
overall drug-metabolizing pathway. 5. Further increase in the ionic
strength of the reaction medium appears to suppress the endogenous NADPH
oxidase activity resulting in a facilitated flow of reducing equivalents to

the exogenous (drug) substrate.

Significance to Biomedical Research and the Program of the Institu e ;

Knowledge of the nature of the enzymes concerned with drug metabolism should
provide a more rational basis for drug design and for assessing the various
environmental influences on drug metabolism.

Proposed Course of Project ; This project will be terminated.

Honors and Awards: None

Publications: None
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Project Title: Autoradiographic Studies on the Localization of
•'-^C-Labeled Hepatotoxins

Previous Serial Number: None

Principal Investigator: Dr. Watson D. Reid

Other Investigators: Mr. John George

Cooperating Units: None

Project Description:

Objectives : Recent studies in this laboratory indicate that

bromobenzene and other hepatotoxins are metabolized to more toxic
intermediates capable of reacting covalently with macromolecules in
the liver. Autoradiography was used as a tool to determine the co-
valently bound radioactive material was localized in the areas of
tissue damage.

Methods Employed : C-57 black/6 mice (males, 20 g) or Sprague-
Dawley rats (males, 180 g) were kill-id 24 hr after i.p. administration
of 20-100 yCi of various compounds in doses previously shown to pro-
duce hepatic necrosis. Slices of liver and of various other organs
were fixed in buffered formalin. Paraffin sections 6-8 microns in
thickness were mounted on glass slides, deparaf f inized, dipped in
Kodak NTB emulsion, exposed for 2-8 weeks, developed and stained with
hematoxylin and eosin. Since preparation of the sections involves re-
peated washing in organic solvents it is unlikely that significant
amounts of unbound radioactive material remained in the tissue sections.

1^
Major Findings : C-Labeled metabolites of bromobenzene, chloro-

benzene, naphthalene, carbon tetrachloride and chloroform - all com-
pounds which produce centrolobular necrosis were localized almost
entirely in the zone of hepatocytes surrounding the centrolobular vein.
The binding appeared to be quantitatively greater and more widespread
throughout the lobule when mice were pretreated with phenobarbital
(80 mg/kg, i.p. for 3 days), which induces cytochrome P-450 microsomal
enzymes. In contrast, pretreatment with SKF 525-A (75 mg/kg, i.p.
every 8 hr) , a compound which inhibits microsomal enzymes, markedly

*^Sc



Serial No. NHLI- 164

14
reduced the amount of C-bound to tissues.

14
The C-aromatic compounds were also localized in the convoluted

tubules of the kidney and in the bronchial epithelium of lung. No

significant labeling occurred in any other tissues (brain, spleen,
stomach, small intestine, adrenals, heart).

Significance to Biomedical Research and to the Program of the

Institute: These studies suggest that rhe covalent binding of a

compound to cellular constituents is in some way related to the
hepatotoxic effects of the compounds. It is possible that alkylation
of tissue macromolecules is an important mechanism in the production

of tissue damage by a wide variety of chemicals, including therapeutic

drugs

.

Proposed Course of Project : Autoradiography will continue to be

an important tool to compliment chemical studies on the covalent bind-
ing of foreign compounds, or their metabolites to tissues. We plan to

study the toxic mechanisms of a wide variety of industrial solvents,

carcinogens , environmental pollutants , food additives and therapeutic

agents

.

Honors and Awards : None

Publications: Brodie, B.B., Reid, W.D., Cho, A.K., Sipes, G.,

Krishna, G. and Gillette, J.R.: Possible mechanism
of liver necrosis caused by aromatic organic compounds

.

Proc. Nat. Acad. Sci. 68: 160-164, 1971.
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Project Title:

PHS~NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Effect of 3-Methylcholanthrene Hepatotoxic

Effects Caused by Various Toxicants in Rats

and Mice

Previous Serial Number

:

Principal Investigators:

Other Investigators:

Cooperating Units:

Project Description:

None

Dr.

Dr.

Dr.

Dr.
Mr.

Watson D. Reid
Gopal Krishna
Basil Christie
Fritz Michel Eichelbaum
John George

None

Dr. Eichelbaum holds a Geigy Fellowship

Objectives : Bromobenzene-induced hepatic centrolobular necrosis is

potentiated by pretreating rats or mice with phenobarbital, an agent known

to induce a wide variety of microsomal enzymes in the liver. Studies in

this laboratory have shown that necrosis is probably caused by a chemically
active metabolite of bromobenzene which reacts covalently with sulfhydral
groups of liver proteins. 3-Methylcholanthrene (3-MC) also induces cer-

tain microsomal enzymes and it was expected that this compound would poten-
tiate the hepatotoxicity of various liver toxins. However, we found th.it

3-MC administration prevented the hepatotoxicity of bromobenzene and further

studies were undertaken to investigate the mechanism of this effect.

Methods Employed : Three doses of 3-MC 920 mg/kg, i.p.) were administered

88, 72 and 64 hr before the i.p. injection of '•"*C-bromobenzene in doses known
to produce necrosis in rats and mice. Livers were removed, sections taken
for histology and the covalent binding of radioactive material determined as

described in the NHLI-245 report (1970) . The level of unbound bromobenzene
was determined in plasma and liver, and the amount of total urinary metabo-
lites and of p-bromophenylmercapturic was measured as describe in previous
reports

.
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Major Findings: Prior administration of 3-MC to rats completely blocked
the necrosis elicited by bromobenzene, chlorobenzene, and ct-chloronaphthalene,
reduced slightly the severity of carbon tetrachloride-induced necrotic lesions
but had no effect on the hepatotoxicity of dimethylnitrosamine or thio-
acetamide. In contrast 3-MC had no effect in mice on bromobenzene toxicity.

Binding studies in vivo indicated that 3-MC reduced the covalently
bound material in the liver of rats by 50% but had no effect on, or in-
creased slightly , the binding in mouse liver. The disappearance of '^C-
bromobenzene from plasma and liver of rats and the 24 hr excretion of total
metabolites was enhanced by 3-MC administration. However, the excretion of
p-bromophenylmercapturic acid fell by about one third.

Significance to Biomedical Research and the Program of the Institute ;

These results suggest that 3-MC administration increases the overall rate
of bromobenzene metabolism but reduces metabolic pathway leading to tissue
damage, since both the binding to tissue and the alkylation of glutathione
by bromobenzene epoxide to form a mercapturic acid are decreased. These
results indicate that 3-MC may be an important tool in understanding the
mechanism of bromobenzene-induced necrosis

.

Proposed Course of Project : The possibility that treatment with 3-MC
reduces the binding of bromobenzene epoxide to tissue macromolecules by en-
hancing the conversion of the epoxide to nontoxic derivatives such as the
dihydrodial, catechol, and phenol is being Investigated.

Honors and Awards : None

Publications: None.

/-?5



Serial No. l'mLI-166
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2. Drug Tissue Interaction
3. Bethesda, Maryland
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Individual Project Report
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Project Title: The Relationship between Bromobenzene
Metabolism and Hepatic Necrosis

Previous Serial Number : NHLI-245

Principal Investigators: Dr. Watson D. Reid
Dr. Jerry M. Mitchell
Dr. Basil Christie
Dr

.

Gopal Krishna

('(' Other Investigators: Dr. Jay Moskowitz
Mr . John George

. Cooperating Units: Drs. Jerry M. Mitchell and Jay Moskowitz

I
are Research Associates in the Pharmacology-

I

Toxicology Program, NIGMS

Project Description:

Objectives : Recent studies in this laboratory suggest that hepatic
microsomal enzymes metabolize bromobenzene and other inert halogenated
aromatic hydrocarbons to chemically active intermediates which produce
centrolobular hepatic necrosis in vivo and which react covalently with
glutathione in vitro . The present experiments lend further support to this
hypothesis by demonstrating that the severity of bromobenzene-induced
hepatic necrosis depends on the rate of metabolism of the methods.

Male Sprague-Dawley rats (160-200 g) were killed at various times after
the i.p. administration of bromobenzene in sesame oil. In some experiments
the hydrocarbon was labeled with either ^H or C. Paraffin sections of the
liver were treated v/ith periodic acid - Schiff reagent to stain glycogen in
cytoplasm and with hematoxylin to counterstain nucleic. Bromobenzene con-
centration in a heptane extract of plasma or tissue homogenates was esti-
mated either by gas-liquid chromatography using an electron capture
detector, or from the specific activity of labeled bromobenzene. Urinary
metabolites of 14c-bromoben2ene were isolated by extraction and chromato-
graphic techniques

.

Major Finding

s

: Induction of hepatic microsomal enzymes by prior
administration of phenobarbital (80 mg/kg, i.e. for 3 days) markedly en-
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hanced the rate of bromobenzene disappearance from plasma, liver and fat,
whereas treatment with either SKF 525-A (75 mg/kg) or piperonyl butoxide

(340 mg/kg) every 8 hr during the experiment prolonged the half-life of

bromobenzene in plasma and tissues.

After phenobarbital administration the excretion of total metabolites
and p-bromophenylmercapturic acid of l^C-bromobenzene was increased 5-fold

during the first 4 hr and 3-fold during the next 4 hr after injection of the

hydrocarbon, although the total metabolism was the same in induced and con-

trol groups after 24 hr. Administration of SKF 525-A or of piperonyl
butoxide reduced the excretion of '•^C-bromobenzene metabolites by one-third

to one-half

.

Induction of microsomal enzjrmes dramatically increased the hepatotoxicity

of bromobenzene. Not only was the extent and severity of the centrolobular

necrosis, much greater in the induc-d animals , but the necrotic changes devel-

oped within 8 hr compared with 24 hr in control animals. In contrast, both

SKF 525-A and piperonyl butoxide completely prevented the necrosis produced

by bromobenzene (75 mg/kg)

.

Significance to Biomedical Research and to the Program of the Institute :

These results indicate that the hepatic necrosis following bromobenzene
administration is produced by a metabolite and not by the parent compound.

The finding that the rate of p-bromophenylmercapturic acid excretion is in-

creased by phenobarbital probably reflects an enhanced rate of formation of

bromobenzene epoxide, a metabolite which reacts covalently with glutathione

to form the mercapturate. We postulate that when microsomal enzjmies are

induced the rate of epoxide formation exceeds the availability of glutathione

with the result that more epoxide is free to alkylate sulfhydral groups in

tissue macromolecules.

Proposed Course of Project ; Further studies are being carried out to

gain a broader insight into the possible causal relationship between the

covaleat binding of metabolites of various hepatotoxins to tissue macro-

molecules and the tissue lesions caused by these compounds. We plan to use

a sir^ilar approach in studying the tissue lesions caused by therapeutic

agents

.

Honors and Awards : None

Publication: Brodie, B.B. , Reid, W.D., Cho, A.K. , Sipes, G., Krishna, G.

and Gillette, J.R.: Possible mechanism of liver necrosis

caused by aromatic organic compounds. Proc. Nat. Acad. Sci .

68: 160-164, 1971.
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1. Chemical Pharmacology
2. Drug Tissue Interaction
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the Covalent Binding of '^C-bromobenzene

Previous Serial Number: None

Principal Investigators: Dr. Watson D. Reid
Mr. John George

Other Investigators: Dr. Gopal Krishna
Dr. Fritz Michel Eichelbaum

Cooperating Unit: Dr. F.M. Eichelbaum holds a Geigy Fellowship

Project Description :

Objectives : We have postulated that bromobenzene produces centro-

lobular necrosis through the covalent binding of a chemically reactive
metabolite to tissue macromolecules . The present studies provide direct

evidence of a strong bond between a metabolite of -'-^C-bromobenzene and

macromolecules in the liver.

Methods Employed : Male C-57 Black/6 mice weighing 20 g were injected,
i.p. with -'^C-bromobenzene dissolved in 0.2 ml of sesame oil. The animals
were killed at various times and a section of the liver taken for histology,
The remainder of the liver was homogenized in 4 volumes of saline and the
homogenate extracted 3 times with 5 volumes of heptane. Proteins were
precipitated with 10% TCA and the pellet was suspended in methanol at 60

and shaken for 10 min. After 5 extractions with hot methanol almost no
further radioactivity could be extracted from livers. The pellet was
dissolved in 1 N NaOH, and aliquots were taken for liquid scintillation aud

for protein determination by the biuret method. Results were expressed as

nanomoles of bromobenzene bound per mg of protein.

Major Findings : After administration of a nontoxic dose of C-bromo-
benzene (8 umoles /mouse) a peak level of 0.2 nmoles of '•^C/mg protein bound
in the liver was attained within 1 hr and declined slowly with a half-life

of about 24 hr. The level of binding increased in proportion to the dose
administered and the shape of the curve for the disappearance remained the
same for all nonhepato toxic doses. However, with doses which produced
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centrolobular necrosis 45 to 125 ymoles /mouse) the concentration of bound <
radioactivity continued to increase for 24 hr reaching a peak value of

over iO nmoles/mg protein and then declining with a half-life of about 8 hr.

The time course of binding closely paralleled the development of necrotic
changes in centrolobular hepatocytes. In contrast to bromobenzene, even
a large dose of benzene (113 ymoles /mouse) did not cause necrosis, and the
peak value of binding was only 0.5 nmoles/mg at 6 hrs and disappeared from
the liver relatively rapidly.

Only these organs rich in cytochrome P-450 microsomal enzymes (liver,
kidney, lung) bound significant amounts of radioactivity after -'-^C-bromo-

benzene administration, suggesting a relationship between metabolism and
binding. More direct evidence of such a relationship was obtained by pre-
treating mice with phenobarbital (100 mg/kg, i.p. for 3 days) or with pheno- \ o^

barbital + SKF 525-A (75 mg/kg, i.p.). These compounds induce and block,
respectively, hepatic microsomal enzymes. The mice were killed 6 hr after
receiving 140 ymoles of C-bromobenzene , i.p. The amount of bound radio-
active material in control livers was 0.35 nmoles/mg compared with 8.30
nmoles/mg in the phenobarbital-treated groups. Injection of SKF 525-A to
phenobarbital-treated mice 1 hr before ^^C-bromobenzene administration re-
duced the binding to 0.23 nmoles/mg. Similar results were obtained using
-'-^C-chlorobenzene

.

Significance to Biomedical Research and the Program of the Institute ;

These results confirm our hypothesis that a metabolite of bromobenzene may
become covalently bound to liver macromolecules . The temporal correlation of
binding with the development of histological evidence of hepatic necrosis,
the observation that both the binding and necrosis depend on microsomal en-
zymes and the autoradiographic evidence (reported elsewhere) that the bind-
ing and the necrosis are localized to the centrolobular areas argue for an
important relationship between these two phenomena. It is conceivable that
covalent binding may play a role in the pathogenesis of a wide variety of
chemically-induced tissue lesions, including adverse reactions to drugs.

Projected Course of Project : These studies are being expanded to
determine whether similar toxic mechanisms apply to other industrial
toxins, carcinogens, air pollutants, food additives and drugs.

Honors and Awards : None

Publications: None
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2. Drug Tissue Interaction
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Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Possible Explanation for the Zonal Distribution
of Chemically-induced Hepatic Necrosis

Previous Serial Number: None

Principal Investigator: Dr. Watson D. Reid

Other Investigators: Dr, Gopal Krishna
Dr. Fritz Michel Eichelbaum
Mr. John George

Cooperating Unit: Dr. P.M. Eichelbaum holds a Geigy Fellowship

Project Description:

Objectives : We postulate that the localization of necrosis to a zone of
hepatocytes surrounding either centrolobular vein or the portal triad is a
reflection of the distribution of drug metabolizing enzyraes in the liver
lobules. If an enzyme converts its substrate into a highly reactive metabo-
lite capable of alkylating tissue macromolecules it is likely the cells with
the greatest enzyme activity would be exposed to the highest concentrations
of toxic metabolite and would be the most likely to be damaged. Microsomal
metabolizing enzymes are believed to be localized in the centrolobular zone
of hepatocytes because the proliferation of smooth endoplasmic reticulum
following administration of phenobarbital (an inducer of microsomal enzymes)
is limited to these hepatocytes. Furthermore one microsomal enzyme, benz-
pyrene hydroxylase, has been shown by histochemical techniques to be local-
ized in the centrolobular zone. We have previously shown that the centro-
lobular necrosis produced by bromobenzene is related to a toxic metabolite,
possibly an epoxide, formed by the action of microsomal enzymes. The toxic
metabolite becomes covalently bound to liver proteins, and the binding is

virtually limited to the centrolobular zone as shown by autoradiography.

In contrast, allyl alcohol, which produces periportal necrosis, is

metabolized to the highly reactive aldehyde, acrolein, by alcohol dehydro-

genase, a nonmicrosomal enzyme. This enzyme is known to be localized in the

periportal zone.

The present studies were undertaken to determine whether allyl alcohol

toxicity is produced by a metabolite and whether the parent compound or one

of its metabolites becomes tightly bound in the necrotic lesions in the
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peripheral zone.

Methods Employed : Male Sprague-Dawley rats (180 g) were killed 6 or
2A hr after administration of C-allyl alcohol. Half of the animals
were given pyrazole (375 mg/kg, i.p.) 2 hr before -"-^C-allyl alcohol in
order to block alcohol dehydrogenase in the liver. Paraffin sections of
liver were mounted on glass slides and dipped in Kodak NTB-2 emulsion.
After exposure for 4 weeks they were developed and stained with hematoxylin
and eosin. The remainder of the liver was homogenized in water, precipitated
with an equal volume of 20% TCA and the pellet extracted five times with
methanol at 60°C. This procedure removed all C allyl alcohol added to a
homogenate of normal liver.

Maj or Findings ; The periportal necrosis typically produced by allyl
alcohol administration (.05 ml/kg, i.p.) was completely blocked by pre-
treatment with pyrazole. After 5 washings with hot methanol the TCA -.<

precipitate from control livers contained .178 and .080 nanomoles of C

per milligram of protein at 8 and 24 hr, respectively, but the binding was
one eighth as great if the animals were pretreated with pyrazole. The
autoradiograms revealed that the bound radioactive material was con-
centrated in the necrotic periportal areas in livers from animals receiving
allyl alcohol alone. But no significant binding could be detected by auto-
radiography after pyrazole administration.

Significance to Biomedical Research and the Program of the Institute ;

These data suggest that periportal necrosis elicited by allyl alcohol is

caused by the binding of a metabolite to hepatocytes. Metabolism, binding
and necrosis all occur in periportal zone in the case of allyl alcohol and
in the centrolobular area after bromobenzene administration. The three
phenomena appear to be related.

Proposed Course of Project : A manuscript is being prepared.

Honors and Awards : None

Publications : None
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1. Chemical Pharmacology
2. Drug Tissue Interaction

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Binding and Metabolism of Aromatic Hydro-

carbons in the Lung

Previous Serial Number: None

Principal Investigators: Dr. Watson D. Reid
Dr. Gopal Krishna

Other Investigator: Mr. John George

Cooperating Units: None

Project Description:

Objectives : We have expanded our studies on mechanisms to include

organs other than the liver. Autoradiograms of tissues of mice injected

(i.p.) with I'^C-labeled aromatic Viydrocarbons such as bromobenzene, chloro-
benzene and naphthalene showed a striking accumulation of radioactivity
selectively in the bronchial epithelium. The preliminary experiments

described in this report provide evidence that a metabolite of -'•^C-bromo-

benzene is covalently bound in the lung, and that the lung is capable of

metabolizing the hydrocarbon.

Methods Employed : After intraperitoneal administration of C-bromo-
benzene (75-125 ijmoles/20 g mouse) the binding of radioactive material in

the lung was determined by the same technique as described for the studies
in liver. Lung homogenates (saline) were extracted 3 times with heptane,
precipitated with 10% TCA, the pellet extracted 5 times with hot methanol,
dissolved in NaOH and aliquots taken for counting and for protein determin-
ation. The metabolism of -'-'^C-bromobenzene and l^C-chlorobenzene was studied
in either the 9,000 x g supernatant or the 105,000 x g microsomal pellet of

mouse lung homogenates. The labeled hydrocarbon was incubated for 5 to 30

min in a mixture containing the tissue preparation and a NADPH-generating
system. The unmetabolized '•^C-bromobenzene was removed by 3 extractions
with heptane, and in 1 experiment the heptane phase was washed with NaOH
to remove any phenolic metabolites. Aliquots of the aqueous phase were
taken for counting and protein detetnnination and the results expressed as
nmoles of -^^C-bromobenzene metabolized per mg protein per hr.

Major Findings : After administration of C-bromo or chlorobenzene to
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mice or rats, approximately one fifth as much radioactivity was bound in

the lung as in the liver. The amount of bound material was increased by

prior administration of phenobarbital (100 mg/kg, i.p. for 3 days) and

inhibited by SKF 525-A, suggesting that the binding was related to the

activity of cytochrome P-450 enzymes. In a typical experiment 0.21 nmoles/ i \

mg of radioactive material was bound in lung 5.5 hr after '^C-bromobenzene

administration to control mice compared with 1.42 nmoles/mg protein in

phenobarbital-treated animals. When phenobarbital-treated mice were given

SKF 525-A (70 mg/kg, i.p.) 1 hr before administration of the ^^C-hydro-

carbon the level of binding fell to 0.08 nmoles/mg.

In vitro experiments indicated that both the 9,000 x g supernatant

and the 105,000 x g microsomal pellet metabolize ^^C-bromobenzene at [2,
essentially the same rate. Lung microsomes from control mice metabolized

0.63 nmoles/mg protein/hr and this value was reduced to 0.36 nmoles/mg/hr

in the presence of 10"^M SKF 525-A. Surprisingly, the metabolism was not

enhanced significantly by using 9,000 x g supernatant or microsomes of

lungs from animals treated with phenobarbital. The rate of metabolism using

lungs from control animals was about one third to one fourth that in liver,

and liver microsomes showed a 3 to 4-fold induction of bromobenzene metabo-

list after phenobarbital administration. The 9,000 x g supernatant from lung

produced considerably more phenolic metabolites than did that of the liver.

Significant to Biomedical Research and to the Program of the Institute :

Although bromobenzene induces only minimal damage in the bronchial epithe-

lium, its localization and binding there after parenteral administration is

impressive. Although bromobenzene is not believed to be a carcinogen, the

possibility that other hydrocarbons might be localized in bronchial epithe-

lium after absorption by some route other than by the respiratory tract

could be relevant to the pathogenesis of bronchogenic carcinoma. The data

in vitro suggest that the lung may metabolize foreign compounds into reactive

intermediates which bind covalently with proteins in the bronchial epithelia.

The failure of phenobarbital administration to induce metabolism is incon-

sistent with this interpretation and raises the possibility that the toxic

metabolite is formed in the liver and transported to the lung by the blood

stream.

Proposed Course of Project : We plan to study a wide variety of labeled

compounds for binding in the lung and look for a correlation between the

site of binding and the site of tumor induction. Preliminary experiments

are in progress with dime thyInitrosamine, 3,4-benzpyrene, 7,12-dimethyl-
benzanthracene and thioacet amide. We also intend to determine whether
binding occurs in the lung of hepatectomized rats and whether metabolism
occurs mainly in epitheleal cells or in alveolar macrophages.

Honors and Awards : None

Publications : None
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1. Chemical Pharmacology

2. Drug Tissue Interaction
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July 1, 1970 through June 30, 1971

Project Title: Accumulation of Radioactivity After Incubation

of Rat Brain Slices with 3H-choline

Previous Serial Number: None

Principal Investigator: Dr. Dean Haubrich

Other Investigator: Dr. Alan I. Green

Cooperating Units: Dr. Haubrich holds a Special Fellowship

from NIGMS. Dr. Green is a Research Associate

LPP:NIMH, St. Elizabeths Hospital, Washington,

D.C., NIGMS.

Project Description:

Objectives : Acetylcholine (ACh) is synthesized from choline by the

enzyme choline acetyltransferase in the presence of acetyl-CoA. Since

the concentration of choline within the brain is near the estimated K

value of choline acetyltransferase, relatively small changes in choline
concentration could alter the rate of ACh synthesis. De^ novo synthesis

of choline does not occur within the brain, but instead choline is taken

up from the plasma by an active transport process. Thus the rate of uptake

of choline may be an important factor in regulating the synthesis of ACh.

In the present study we have examined the uptake of choline and its sub-

sequent conversion to ACh and other choline derivatives in various regions

of the brain.

Methods Employed : The accumulation of -^H-choline was examined by a

procedure based on that described by Saskin and Snyder (JPET 175 : 404-418,

1970). Aliquots of tissue slices (5 mg) of various areas of lat brain were

prepared with a tissue chopper and then incubated in Kreb's Henseleit-bi-
carbonate medium with 2 x 10~ 3H-choline (choline chloride, methyl-^H, 250

MCi/mM) . After ten minutes incubation, the tissue was extracted with 15% 1

N formic acid in acetone. Organic soluble choline derivatives were extracted
by the addition of ether. Choline and acetylcholine remaining in the aqueous

phase were separated by high voltage electrophoresis.

Major Findings : There were marked variations in the accumulation of
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total tritixim in different brain regions. These differences, expressed as

tissue to mediimi ratios (T/M = CPM per gram wet weight of tissue/CPM per

ml of medium) were striatum: 12.2; hypothalamus: 5.2; cerebral cortex: 4.2;

hippocampus: 3.3; midbrain: 2,7; cerebellum: 0.9. In the striatum about

60% of the radioactivity was accounted for as free choline, 30% as acetyl-

choline and about 10% as CDP-choline, phosphorylcholine and organic soluble

choline derivatives (e.g., lecithin and sphingomeyelin) . The percentage of

ACh was smaller (10-15%) in the other regions studied. Incubation of the

slices in, the presence of a cholinesterase inhibitor (Eserine, 10~T>I)

markedly increased the T/M ratios and the percentage of radioactivity re-

covered as acetylcholine in all brain areas

.

Significance to Biomedical Research and to the Program of the Institute :

This study provides the first evidence for a regional difference in the up-

take of choline and its conversion to ACh in the brain. We hope that these

preliminary findings will help to elucidate some of the basic mechanisms in-

volved in regulating the levels and/or synthesis rates of ACh in the brain.

Proposed Course of Project : The concentrations of choline and ACh and

the activities of the biosynthetic and degradative enz3mie will be measured

in different regions of brain. This information may help to explain the

regional difference in choline uptake and ACh synthesis.

Honors and Awards : None

Publications : None
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Project Title: Studies on the Possible Role of Choline
in the Regulation of Acetylcholine Levels
in Rat Brain

Previous Serial Number: None

Principal Investigators: Dr , Dean Haubrich
Dr. Watson D, Reid

Other Investigators: None

Cooperating Unit: Dr. Haubrich holds a Special Fellowship
from NIGMS

Project Description:

Objectives : Acetylcholine (ACh) is synthesized from choline by the
enzyme choline acetyltransferase in the presence of acetyl CoA. De novo
synthesis of choline does not occur within the brain (J. Neurochem. 14 ;

873, 1967) but choline is taken up from plasma (J. Neurochem. 14: 873,
1967) and may be converted directly to ACh or else phosphorylated by
choline kinase and then converted to phosphatidylcholine (Biochem. J. 110 :

201, 1968). Free choline may subsequently be liberated by the hydrolysis
of phosphatidylcholine.

When animals are maintained on a diet deficient in choline, there is an
appreciable decrease in the brain level of ACh (J. Nutr. 84:13, 1968),
suggesting that the amount of free choline in the brain may regulate the
concentration of ACh. This view is supported by the finding that addition
of choline to a minced preparation of rat brain produces a significant in-
crease in the level of bound ACh (Can. J. Physiol. Pharmacol. 45: 249, 1967)
Moreover, the concentration of free choline within the brain is near the
estimated K^ value of choline acetyltransferase, and therefore relatively
small changes in the concentration of free choline could alter the rate of
ACh synthesis.

The level of free choline within the brain may be regulated by one or a
combination of the following possible mechanisms: 1) the rate of uptake of
choline into the nerve endings, 2) the rate of conversion of choline to
phosphorylcholine (and subsequently to phosphatidylcholine) or 3) the rate
of hydrolysis of phosphorylcholine, CDP-choline and phosphatidylcholine to
yield free choline. The following experiments represent an initial effort
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to elucidate the role of choline in regulation of ACh synthesis and were

designed to study 1) the metabolic fate of intravenously Injected radio-

labeled choline in mice, 2) the incorporation of the choline moiety of

phosphatidylcholine into ACh in vitro and 3) the effects of drugs upon the

level and /or uptake of choline into the brain.

Methods Employed : Choline and ACh were measured using a new enzymatic

assay developed in our laboratory (Project Report Number NHLI-244)

.

;

Major Findings : 1) The choline specific activity in the brain of mice r

(4,000 cpm/nmole measured 30 sec. after injection) declined biphasically t zs

following the i.v. injection of ^-choline (100 yCi) , with an initial T-1/2 o
of 1 minute (measured over the first 15 min) and a longer T-1/2 of about t
35 hrs . Radioactivity was quickly incorporated into ACh so that the specific =i

activity reached a plateau between 1 and 4 min (2,000 cpm/nmole), indicat- i

—

'

ing that plasma choline is utilized for ACh synthesis. After 2 hrs, no |^
significant radioactivity could be detected in ACh, despite the relatively

;

high specific activity of choline (500 cpm/nmole) , suggesting that the f

choline fraction having the shortest T-1/2 normally serves as the precursor
for ACh.

Radioactivity in the organic soluble choline derivatives (probably
phosphatidylcholine) accumulated gradually over the first 6 hrs, after which < '.

a plateau was reached and maintained for at least 24 hr.

2) Incubation of phosphatidylcholine-l,2-C-14 with brain homogenates
resulted in significant incorporation of radioactivity into ACh, indicating
that phosphatidylcholine could potentially contribute its choline moiety to
the choline pool involved in ACh synthesis.

3) Several drugs known to interact with cholinergic mechanism were
studied for their effect upon brain choline. Pilocarpine was found to raise
the level of ACh in brain and also to increase the brain level of intra-
venously administered radiolabeled choline. Amphetamine, which is known
to stimulate ACh turnover, was shown to significantly raise the brain
concentration of choline. Both of these findings are consistent with the
hypothesis that drugs might alter the level and/or synthesis rate of ACh
by influencing the intraneuronal concentration of choline.

Significance to Biomedical Research and the Program of the Institute :

ACh is an important neurohumoral transmitter in both the central and
peripheral nervous systems. These preliminary findings suggest that the
level of free choline may be important in regulating ACh levels and/or
synthesis rates, and presumably also the functional activity of cholinergic
neurons

.
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I

Proposed Course of Project: Efforts will be made to answer the

following basic questions: 1) Does phosphatidylcholine serve as a

source of choline for ACh synthesis in vivo under conditions when ACh
utilization is accelerated? The endogenous stores of phosphatidylcholine
will be labeled with choline and the incorporation of radioactivity into
ACh will be measured when synthesis is stimulated. 2) Does a change in the

concentration of choline and/or choline containing intermediates stimulate
ACh synthesis? The accumulation of ACh in homogenates and slicas will be
measured after the addition of increasing amounts of choline. Similar
experiments will be performed in vivo by infusing choline.

Honors and Awards: None

Publications : None
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1. Chemical Pharmacology
2. Drug Tissue Interaction
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The Effect of Prostaglandin E-j^ on the
EEC and the Levels of Brain Acetylcholine
in Rats

Previous Serial Number : None

Principal Investigators: Dr. Dean R. Haubrich
Dr. Watson D. Reid
Dr. Jorge Perez-Cruet

Other Investigators: None

Cooperating Unit: Dr. Haubrich holds a Special Fellowship
from NIGMS. Dr. Perez-Cruet is a Research
Associate in the Pharmacology-Toxicology
Program, NIGMS

Project Description:

Objectives : Prostaglandins are distributed in the central nervous
system of various species and are located within subcellular particles
of nerve endings. Although their functional role has not yet been fully
determined, prostaglandins are released from the cat brain in response to

electrical stimulation of the reticular formation, and this release is

correlated with EEC arousal (Bradley et al., Brit, J. Pharmacol. 37: 151,

1969). Furthermore, profound sedation, stupor and signs catationia are

observed following the intravenous or intraventricular injections of

Prostaglandin E^^ (PGE^) into cats or chicks (E.W. Hirton, Brit. J. Pharmacol.
22: 189, 1964). Since central cholinergic mechanisms are thought to be in-

volved in the EEG arousal reaction (Cuculic et^ a2 . , Prog. Brain Res. 28 :

27, 1968) and in the induction of paradoxical sleep (Khazan et al.. Int.

J. Neuropharmacol. 6^: 279, 1967), we have examined the EEG, muscular tone
and brain levels of acetylcholine in rats following the parenteral admin-
istration of PGEi.

Methods Employed : Brain acetylcholine was measured using a new enzy-
matic assay previously developed in our laboratory (see Project Report
Number NHLI-244) . The EEG and muscular tone were measured using standard
electrophysiological techniques. PGE^ was administered in two equal doses
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of 1 mg/kg, i.p., given 45 min apart.

Major Findings : The levels of brain ACh measured 90 min after the first
dose of PGE-, were significantly elevated (30%, P < 0.01). Furthermore, the
animals were asleep and displayed a loss of muscular tone. However, the

EEG pattern was characterized by low voltage-high frequency similar to the

awake stage.

Significance to Biomedical Research and the Program of the Institute :

This study provides the first evidence that PGE^ induces a state of para-
doxical sleep in animals. Since PGE-]^ also induces an elevation in brain
acetylcholine levels, and was previously shown to increase the turnover of

brain serotonin (Reid, Project Report Number 242), it is conceivable that
the behavioral effects of PGE-, are mediated by an interaction with one or
both of these neurohumors . This suggestion is consistent with the probable
role of serotonin in the induction of sleep (see Jouvet , Adv. Pharmacol. 6B :

265, 1968) and of acetylcholine in EEG arousal and in paradoxical sleep.

Proposed Course of Project : We plan to study the effects of behaviorally
inactive prostaglandins upon EEG, levels of acetylcholine and turnover of
serotonin. Furthermore, the effect of PGE]^ upon EEG will be determined in
rats following the manipulation of serotonin and acetylcholine levels.
These experiments should help to establish whether changes in cholinergic
and/or serotonergic transmission are related to the induction of paradoxical
sleep induced by PGE-,.

Honors and Awards: None

Publications: None
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1. Chemical Pharmacology
2. Drug Tissue Interaction
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Effect of Pilocarpine on the Metabolism of

Serotonin and Acetylcholine in the Brain

Previous Serial Number : None

Principal Investigators: Dr. Dean R. Haubrich
Dr. Watson D. Reid

Other Investigators: Mr. John W. George

Cooperating Unit: Dr. Haubrich holds a Special Fellowship
from NIGMS.

Project Description:

Objectives : Pilocarpine produces a number of excitatory effects upon
the central nervous system which in contrast to its peripheral effects, are
not antagonized by atropine. The excitatory effects resemble those of

strychnine, and are presumed to result from a blockade of central inhibi-
tory mechanisms. Both acetylcholine (ACh) and serotonin probably play an
important role in central inhibition, since 1) these neurotransmitters de-
press the firing of certain neurons and 2) drugs which evoke various types
of behavioral inhibitions also alter the activity of central serotonergic
or cholinergic systems. The objective of the present study was to assess
the effect of pilocarpine upon the metabolism of serotonin and acetyl-
choline within the brain.

Methods Employed : Acetylcholine levels were measured using a new
assay developed in our laboratory (Project Report Number NHLI-244) . The
synthesis rate of ACh was assessed in vivo by measuring the incorporation
of intravenously administered radioactive choline (choline-chloride, methyl-
3h) into acetylcholine. Acetylcholinesterase activity was determined by
measuring the rate of hydrolysis of radioactive ACh (acetylcholine-chloride,
methyl-^H) . The turnover rate of serotonin was calculated by multiplying
the steady state 5-HIAA concentration by the rate constant of 5-HIAA efflvix

from the brain after inhibition of monoamine oxidase by pargyline.

Major Findings : Pilocarpine administration (100 mg/kg, i.p.) induced
a 50-150% increase in the rat brain levels of ACh. This increase was
observed within one hour after drug treatment, persisted for more than 4
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hours, and was not antagonized by atropine pretreatment . It appears that

pilocarpine raises the level of ACh by preventing its release from intra-

neuronal storage sites, since the drug decreased the synthesis of ACh and

did not inhibit cholinesterasG.

In contrast to its effect upon acetylcholine, pilocarpine markedly
stimulated the turnover of serotonin. The duration of the increase in

serotonin turnover roughly paralleled the rise in ACh levels and was not
antagonized by pretreatment with atropine.

Arecoline, a cholinomimetic whose peripheral effects resemble those

of pilocarpine, also stimulated serotonin turnover and increased the level

of brain ACh. However, the increase in ACh levels was of shorter duration
(less than 10 minutes), was antagonized by atropine pretreatment, and did

not parallel the increase in serotonin turnover which was observed one
hour after drug treatment.

Significance to Biomecical Research and the Program of the Institute ;

These results provide the first evidence for a biochemical correlate of the

central excitatory effects of pilocarpine, and support the suggestion that
both ACh and serotonin are important in central inhibitory mechanisms.
Furthermore, our findings suggest a possible interaction between central
cholinergic and serotonergic mechanisms in maintaining normal CNS function.

Proposed Course of Project : Pilocarpine may be useful for elucidating
the possible mechanisms involved in regulation of ACh synthesis. The rate
of uptake of choline into cholinergic neurons may be one important factor
for the regulation of ACh synthesis (see new report entitled "Studies on the
Possible Role of Choline in the Regulation of Acetylcholine Levels in Rat
Brain") and we have discovered that pilocarpine markedly stimulates the

uptake of choline into brain. An attempt will be made to determine whether
the increase in choline uptake is related to the increase in ACh levels in-
duced by pilocarpine.

Honors and Awards : None

Publications: ?age, J.G., Kessler, R.M. and Vesell, E.S.: Strain
differences in uptake, pool size and turnover rate
of norepinephrine in hearts of mice. Biochem. Pharmacol,
19: 1381-1386, 1970.
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Serial No. NHLI-174
1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Correlation between beta adrenergic receptor activity
and enzyme activity of arterial and cardiac muscle

Previous Serial Number: NHLI-274

Principal Investigators: Dr. Jerome H. Fleisch
Dr. Stanley C. Penzotti, Jr.

Dr. Elvood 0. Titus

Other Investigators: Dr. Jay Moskowitz

Cooperating Unit: Drs. Penzotti and Moskowitz are Research Associates
in the Pharmacology-Toxicology Program, NIGMS

Project Description:

Objectives : Adenyl cyclase activity of thoracic and abdominal aorta of

young and old rabbits was examined to determine if there was a correlation

between adenyl cyclase activity and the physiologically determined beta
receptor activity (Fleisch _et aj.. , Circ. Res . 26: 151, 1970). No correla-

tion was found. Therefore, an attempt was made to correlate beta adrenergic
receptor activity with the activity of other enzymes thought to participate

in this pharmacologic receptor system.

Methods Employed ; Adenyl cyclase activity of thoracic and abdominal
aortas from young and old rabbits was measured in homogenates directly by
the method of Krishna £t ^. (J. Pharmacol. Exp. Ther . 163: 379, 1968) and

in intact tissue by a modification of the method of Shimizu et_ aj.. ( J. Neuro-

chera. 16: 1609, 1969). Ca"*""*" ATPase activity was measured by the method of

Bader (Biochem. Biophys . Res. Commun . 40: 505, 1970). Phosphodiesterase was

measured by the method of SchHnhbfer et al. (unpublished observations).

Major Findings : Adenyl cyclase activity of thoracic and abdominal aortas

from young and old animals was neither stimulated nor inhibited by isoproter-

enol, norepinephrine, serotonin, or histamine but was markedly increased by

NaF. Based on these data, no correlation could be made between adenyl cyclase

activity and the physiologic responses of this tissue. Moreover, only slight

Ca'''+ ATPase activity could be demonstrated and it was neither stimulated nor

inhibited by isoproterenol. Phosphodiesterase activity was demonstrated in

aortic tissue but experiments to correlate its activity with p-receptor

activation are still incomplete.
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Significance tc Biomedical Research and the Program of the Institute ;

The correlation of biochemical changes with physiological and pharmacological

events in vascular and cardiac muscle may elucidate the mechanisms regulating

arterial tone, heart rate, hypertension, etc.

Proposed Course of Proiect : Further attempts will be made to correlate

adrenergic receptor activity with changes in tissue enzyme activity in frac-

tions of tissues suspected of having the highest quantity of pharmacologic

receptors

.

Honors and Awards : None

Publications: Schbnhbfer, P.S,, Skidraore, I.F., Forn, J., and Fleisch,

J.H.: Adenyl cyclase activity of rabbit aorta. J. Pharm .

Pharmacol . 23: 28_3i^ 1971.
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Serial No. NHLI-175
1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Interaction of microtubule protein with colchicine

and other antimitotic drugs

Previous Serial Number: NHLI-280

Principal Investigators:

Other Investigator:

Cooperating Unit:

Dr. Mark Zweig

Dr. Colin F. Chignell

Dr. Elwood 0. Titus

Dr. Zweig is a Research Associate in the Pharma-

cology-Toxicology Program, NIGMS

Project Description:

Objectives : In recent years microtubules have received considerable

attention. These subcellular structures are distributed ubiquitously in

biological systems but function in the movement of certain cellular compo-

nents (e.g., chromosomes, axonal granules, pigment granules, thyroid colloid
droplets, etc.) and may have a structural role in some systems. The protein

subunit of the fibrous microtubule polymer binds colchicine quite specifi-

cally. It also forms a crystalline complex with vinblastine.

The microtubule protein provides a good model for studying drug-protein
interactions. One goal of this project is to better understand the nature
of drug-protein interactions at the molecular level. Since microtubule pro-

tein exists in both a polymerized and nonpolymerized (subunit) form and only

the latter binds colchicine, this study should yield information relating to

the characteristics of the protein and its environment which determine the

balance between polymerized and subunit states.

A second goal is to measure the relative strength of binding of various
colchicine analogues and other drugs to microtubular protein. The latter is

conveniently prepared from mammalian brain which is rich in microtubules.
Correlation of the relative binding with the relative effects of these drugs
on antimitotic, antitumor and antigout activities may be taken as presumptive
evidence that the pharmacological effects of the drugs result from their
interaction with microtubules.

Methods Employed ; The binding of ^H-colchicine to microtubule protein
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was examined by incubating the drug and the protein preparation, adsorbing the

protein onto diethyl aminoethyl cellulose filters and then determining pro-

tein-bound radioactivity in a scintillation counter. Microtubule protein was

prepared from rat brain and used directly as it occurs in the high-speed

supernatant, or it was first purified by precipitation from brain supernatant

in presence of vinblastine. The affinity of the binding site for various ana-

logues of colchicine was determined by measuring the ability of the latter to

compete with ^H-colchicine.

Major lindings : Inhibition of the binding of tritiated colchicine

(2.5 X 10" M) to brain microtubule protein by 17 derivatives of colchicine

(2.5 X 10" 5 M) is shown in Table 1. The first seven drugs inhibit quite
strongly as a group, while the last 10 are weak or virtually ineffective in-

hibitors. These first seven drugs also have the greatest ^H vivo antimitotic
or antitumor potency, although colchinol and colchiceine in the second group
have some antimitotic/antitumor activity, too. In collaboration with
Dr. Maling, we have examined the ability of these derivatives to inhibit Na
urate crystal- induced inflammation of the rat paw as a model for gout. In
close correlation with the activities stated above, colchicine and deriva-
tives #1-3, 5, 7 were the most potent inhibitors; #4, 6, 8, 9 were inter-
mediate; and the rest were ineffective as inhibitors of rat paw inflammation.

TABLE 1

Compound % Inhibition

1 Colchicinaraide 82
2 N-desacetylthiocolchicine 67
3 Demecolcine 60
4 N-acetyl-iodo-colchinol 59
5 Triraethylcolchicinic acid methyl ether 52
6 N-acetyl-colchinol 50
7 TMCA ethyl ether 39

8 Colchinol 9
9 Colchiceine 7

10 TMCA 1

11 N-benzoyl TMCA 2
12 Iso TMCA methyl ether 4
13 Isocolchicine 2
14 Isocolchiceinamide 1

15 Colchinoic acid 4
16 Colchicoside 3
17 Colchicosamide ?

^rV
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Several other drugs were examined all at 2.5 x 10" M (Table 2).

TABLE 2

Compound % Inhibition

1 Podophyllotoxin 94

2 Podophyllotoxin isothiouronium bromide 78

3 Vinblastine 25

4 Heparin 92

5 Chloral hydrate 9

6 Aspirin none

7 Phenylbutazone
8 Oxyphenylbutazone
9 Indomethacine

10 Flufenamic acid
11 Promethazine
12 Tripellenamine

Podophyllotoxin and vinblastine both are antimitotics which interact with

microtubules, and both were very effective inhibitors of rat paw inflammation.

Heparin and chloral hydrate are two mitotic arresting drugs with C-raitotic

activity like colchicine. Drugs #6-10 are anti- inflammatory drugs used clin-

ically against gout. Promethazine and tripellenamine are antihistamines,

which were found to be very potent inhibitors of rat paw inflammation.

Significance to Biomedical Research and the Program of the Institute :

The molecular basis for drug-protein interactions is in many instances

unknown but can be studied with modern physical methods. The interaction
between microtubular protein and colchicine is of particular interest, since

this ubi/iuitous protein plays a number of roles in a variety of cells. Occu-

pancy of the colchicine binding site prevents the self assembly into compli-

cated structures which is a striking characteristic of this protein and which
is presumably important in the formation of microtubules. These tubules

transport norepinephrine storage granules along the axon toward the site of

their eventual release. They are present in blood platelets. They are

probably responsible for the intracellular transport of lysosomes to the cell

surface of poljmiorphonuclear leucocytes in inflammatory responses. Micro-

tubular protein has similarities to actin and sliding filament models have

been proposed for the movement of chromosomes by microtubular structures

during mitosis.

Proposed Course of Project : Colchicine binding protein will be isolated

and purified from rat brain homogenates using a newly modified procedure that

permits the isolation of sufficient quantities for study in about 4 hours.

Colchicine protein interactions will be further investigated with optical



^1

I

Serial No. NHLI- 175

and magnetic resonance techniques. The protein is rich in strongly absorb-

ing aromatic amino acids and colchicine itself has a strong absorption band
%hich is apparently sensitive to changes in. the environment. It should
therefore be possible to gain information about the nature of the binding
site fromoptical rotatory dispersion, circular dichroism and fluorescence
studies. A nitroxide spin- labeled analogue of demecolcine has been prepared
for electron spin resonance studies of the binding mechanism.

Kinetic studies of the effects of temperature on the rates of binding
suggest that conformational adjustment of the protein accompanies the bind-
ing process. These studies will be completed.

Honors and Awards: None

Publications: None

-t-si



Serial No. NHLI-176
1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The prevention of isoproterenol tachyphylaxis and
the reversal of contractile effects in vascular
smooth muscle

Previous Serial Number: NHLI-293

Principal Investigators: Dr. Jerome H. Fleisch
Dr. Elwood 0. Titus

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : Tachyphylaxis to the smooth muscle relaxing effects of

isoproterenol and the consequent appearance of contractile responses in the
smooth muscles that have both alpha and beta adrenergic receptors offer poten-
tial hazards in the clinical applications of this and related drugs. It is

of interest to determine whether drugs can affect the onset of tachyphylaxis
and whether they can be used to study the mechanism of this phenomenon.

Methods Employed : Spirally cut thoracic aortic strips from rats and
rabbits were prepared by the method of Furchgott and Bhadrakora (J. Pharmacol .

Exp . Ther . Ill: 265, 1954). Each strip was suspended in a 10 ml isolated
organ bath, containing a modified Krebs bicarbonate solution aerated with
957o O2 and 57o CO2. Contractions were induced by a variety of agents includ-
ing angiotensin, serotonin, or norepinephrine and measured isometrically
with a Grass FT03 force-displacement transducer. Data were recorded on a
Grass polygraph as changes in grams of tension.

Major Findings ; Aortae relaxed after administration of isoproterenol,
a stimulant of beta adrenergic receptors. A second administration led to a
diminished response and subsequent administrations caused the vessel to con-
tract. This phenomenon of tachyphylaxis to the relaxing effects of isopro-
terenol and "reversal" to give a contractile response was observed _in vivo as
well as in vitro . The following drugs, when present in the bath fluid, pre-
vented both the tachyphylaxis and the appearance of contractions: Aminophyl-
line, theobromine, caffeine, phentolamine , nitroglycerin, bromo-LSD, papa-
verine and tetracaine. The minimal concentrations of these drugs necessary
for these effects were ascertained.

1 5<rr
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Significance to Biomedical Research and the Program of the Institute ;

Isoproterenol is one of the most frequently used bronchodilators in the treat-

ment of asthma. Its continued effectiveness in a particular case, however,

is lost as tachyphylaxis to the beta adrenergic effects develops. It is

possible that deleterious effects of continued administration of isoproterenol

may result in part from constriction caused by isoproterenol stimulation of

remaining alpha adrenergic receptors. The rat aorta offers a useful model

system on which the effects of drugs on these mutually antagonistic responses

may be tested. If tachyphylaxis and reversal can be prevented in clinical

situations, the usefulness of beta adrenergic stimulants would be increased.

Proposed Course of Project : Observations to date suggest that a variety

of drugs, mostly organic airiines, will prevent the appearance of tachyphylaxis

to isoproterenol and that this property cannot be correlated with other effects

that these drugs m.ay have, such as the ability to inhibit alpha adrenergic

responses, to antagonize serotonin, or to relax smooth muscle by other mecha-

nisms. Comparative studies of the effects of concentration changes on the

antitachyphylactic effect and the other properties of these drugs will be

continued until this point is clarified.

Honors and Awards: None

Publications: Fleisch, J.H.: Further studies on beta adrenoceptor of rat

aorta. Brit. J. Pharmacol ., in press.
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1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

The influence of age on the response of smooth
muscle to pharmacologic agents

Previous Serial Numbers: NHLI- 295 and NHLI- 29

7

Principal Investigators: Dr. Jerome H. Fleisch
Dr. Vaclav Trcka
Dr. Elwood 0. Titus

Other Investigators: None

Cooperating Unit:

Project Description:

Dr. Trcka is on the staff of The Research Institute
of Pharmacy and Biochemistry, Prague, Czechoslovakia

Objectives : To determine the mechanisms responsible for change in drug
reactivity of various organs with increasing age. In this study, we have
investigated changes with age in the effects of some drugs on target organs
in young and older members of various animal species.

Methods Employed ; Spirally cut thoracic aortic strips from rats of

different age groups were set up according to the procedure described by
Furchgott and Bhadrakom ( J. Pharmacol. Exp. Ther . Ill: 265, 1954). Guinea pig
vas deferens were prepared according to Thoa and Maengwyn-Davies (J. Pharm .

Pharmacol . 20: 873, 1968). The tissues were suspended in a 10 ml isolated
organ bath containing a modified Krebs bicarbonate solution, aerated with
95% ©2 and 5% CO2. Contractions were measured isometrically with a Grass
FT03 force-displacement transducer and recorded on a Grass polygraph as
changes in grams tension. The entire tail was excised from Sprague-Dawley
rats of known age and the ventral tail artery cannulated with a polyethylene
tube. Vascular reactivity was measured by the method of Trcka and Fleisch
(unpublished observations).

Major Findings : We previously showed that beta adrenergic receptor activ-
ity of rabbit and rat thoracic aorta decreases with increasing age (Fleisch
e^ _al. , Circulation Res . 26: 151, 1970). Furthermore, alpha adrenergic recep-

tor activity was shown to increase in rat trachea with increasing age (Fleisch

_et aj.. 5 Amer. J. Physiol . 218: 596, 1970). We have now shown that the loss in

beta receptor activity varies with the strain and source of the animals used.
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Rats of several strains obtained from outside sources (other than NIH) showed

a decrease in beta receptor activity with increasing age, but required up to

6 months for complete loss of beta receptor activity. This is in contrast to

the 90 days shown to be necessary with NIH rats. Beta receptor activity also

decreased in the perfused rat ventral tail artery with increasing age. Efforts

to determine whether this smaller vessel sclerosed or suffered a true loss in

the ability of the artery to dilate to beta adrenergic stimulation are not

yet complete. Finally, preliminary experiments have indicated a loss in alpha

adrenergic receptor activity in guinea pig vas deferens with increasing age.

Significance to Biomedical Research and the Program of the Institute :

These findings have helped characterize some of the changes with age in the

responses of smooth muscle to autonomic drugs. They suggest that mechanisms
other than variations in drug metabolism which are usually invoked may explain
many of the alterations in pharmacodynamic effects seen with increasing age.

These data also have given some insight into the normal changes that might be

expected with senescence.

Proposed Course of Project : We plan to characterize the changes in
receptor activity with increasing age and to determine if some of the effects
of agiiTgcan be reversed by treating animals with various drugs.

Honors and Awards: None

Publications: Schonhofer, P.S. , Skidmore, I.F. , Forn, J., and Fleisch,
J.H.: Adenyl cyclase activity of rabbit aorta. J. Pharm .

Pharmacol . 23: 28-31, 1971.

Fleisch, J.H. : Further studies on beta adrenoceptor activ-
ity of rat aorta. Brit. J. Pharmacol ., in press.

Maling, H.M. , Fleisch, J.H. and Saul, W.F. : Species
differences in aortic responses to vasoactive amines:
The effect of compound 48/80, cocaine, reserpine and
6-hydroxydopamine. J. Pharmacol. Exp. Ther . 176: 672-
683, 1971.
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Serial No. NHLI-178
1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Characterization of the enzymatic ion transport

system

Previous Serial Number: NHLI-284

Principal Investigators: Dr. Stanley C. Penzotti, Jr.

Dr. Elwood 0. Titus

Other Investigators:

Cooperating Unit:

None

Dr. Penzotti is a Research Associate in the

Pharmacology-Toxicology Program, NIGMS

Project Description:

Objectives : It has been well established that the Mg++ dependent,

Na'*'-K+-stiraulated ATPase found in cell membranes plays a major role in the

transport of monovalent cations into and out of the organ. It seems likely

that this transport system is a complicated network of protein, lipoprotein,

and phospholipids held in some kind of special arrangement.

Attempts to isolate and purify the ATPase have met with limited success.

Through the use of various substrates and inhibitors, however, it is possible

to gain some understanding of the sequence of events which take place during

the hydrolysis of ATP and the transmembranal movement of cations.

Earlier work in this and other laboratories had suggested that DFP (di-

isopropylfluorophosphate) , an inhibitor of Na^-K* ATPase, may introduce upon

hydrolysis a phosphate group at the active center of the enzyme. However,

it now appears that the inhibition seen with DFP is due to the F ion released

during this hydrolysis. Further investigation of the inhibition by F~ may
lead to a better understanding of the functional forms of the ATPase.

Methods Employed : Rat kidney microsomes were prepared by the method of

Skou and extracted with Nal solution to remove inactive proteins. Incuba-

tions with inhibitors and substrates were conducted under various conditions

and the ATPase activity was measured.

Major Findings : It is known from previous work in this and other labora-

tories that NaF inhibits (Na+-K+) ATPase in a manner similar to DFP. The
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inhibition is dependent on Mg"*""*" ion and prevented by the presence of ATP in

sufficient concentrations.

The concentration of Mg'*'"'' for ha If- maximal inhibition in the presence of

fluoride is 0.25 nM. The relationship betvjeen Mg"*"*" concentration and inhibi-

tion does not conform to the usual simple Michaelis-Menten plot but is sug-

gestive of a cooperative effect of Mg. The rate of inhibition of fluoride is

greatly enhanced by K+ . The degree of inhibition by fluoride, both in the

presence and absence of K+ , varies inversely with pH. It is found in our
laboratory that the enzyme remains inhibited after repeated washing at 0-4°

and incubation up to 30 min at 37° in Tris buffer (0.1 M, pH 7.4) and 5 mM
MgCl2. Recovery after 30 min of incubation in 10 nM EDTA never exceeds 157o

above controls. However, incubation of inhibited enzyme with Na^ATP regen-
erates the active form. The rate of regeneration is doubled and those enzymes
treated with K+ in addition to the NaF. Exposure of the enzyme which had
previously been inactivated by F~ to K+ for 5 min or less, followed by wash-
ing, changes it to the rapidly regenerating form. Reactivation rates plotted
as a function of Na+ concentration are sigmoidal. In 15 mM ATP, the recovery
rate is much more sensitive to Na"*" for enzyme inactivated both in the pres-
ence and absence of K+ . The reactivation is inversely proportional to K+
present during treatment with Na2ATP of the previously inactivated enzyme.

Thus, it would appear that in a K+ -dependent conformation the enzyme
reacts rapidly with F" and the F-enzyme complex can retain a K+-dependent
conformation through several washes as evidenced by the different recovery
rates in the presence of Na2ATP. This can be schematically represented as
follows:

ENZYME

ENZ^ - Mg - F (Slow Recovery)

K+

-K
ENZ - Mg - F - K ^ > ENZg - Mg - F (Fast Recovery)

+K
(No Recovery)

Experiments in which Mg''"'^ has been replaced with Mn"*"* indicate that the
enzyme behaves in a similar way toward F inhibition and NaoATP recovery.

Significance to Biomedical Research and the Program of the Institute ;

The cation transport-ATPase system is important in maintaining nervous excit-
ability and is the recovery of sodium by the kidney tubule. The system
apparently provides the basis for electrogenic sodium pumps in muscle and
various photoreceptors and is important in maintaining the systems that
recover norepinephrine in nerve endings and that transport sugars and amino
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acids in intestine. The system is the target of cardiac glycoside action in

the heart, but the molecular basis for the action of these drugs is not

understood.

The formation of stable fluoride complexes by membranous systems may
prove to be generally useful, since the adenyl cyclase of brain can be

activated for long periods of time whereas the transport ATPase is inacti-

vated. Conformational states induced by cations and preserved in the stable

complex can be studied and should offer a clue to the mechanisms of cation

activation of membrane enzymes.

Proposed Course of Project : Utilizing the param.agnetic properties of

Mn"*"*" , we will study further the conformational changes brought about by K+

on the F~ inhibited ATPase using ESR techniques. Other studies will attempt
to isolate and purify the ATPase system through various techniques involving
detergents, salts and fractionation. Also attempts will be made to reassem-

ble the ATPase system after disruption by several techniques including appli-

cation of hydrostatic pressure.

Honors and Awards: None

Publications: None
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Serial No. NHLI-179
1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Correlation of antiarrhythmic effect of diphenyl-

hydantcin with digoxin- induced changes in con-

tractility, NaK ATPase and K* efflux

Previous Serial Number: NHLI-285

Principal Investigators: Dr. Robert E, Goldstein
Dr. Stanley C. Penzotti, Jr.

Dr. Karen S. Kuehl

Other Investigators: Dr. K. H. Pr indie, Jr.

Dr. C. A. Hall
Dr. E. 0. Titus
Dr. S. E. Epstein

Cooperating Units: Drs . Goldstein, Kuehl, Prindle, Hall and Epstein
are in the Cardiology Branch, NHLI
Dr. Penzotti is a Research Associate in the Pharma-
cology-Toxicology Program, NIGMS

Project Description:

Objectives : Cardiac glycosides such as digoxin increase the force of
contraction of cardiac muscle. These glycosides also selectively inhibit
the Na + K-dependent ATPase, which is believed to be responsible for the
active transport of Na and K ions. Toxic doses of the cardiac glycosides
have been shown to cause an efflux of K* from the heart, a consequence com-
patible with the inhibition of the ATPase system. Diphenylhydantoin has
been shown in the clinic to reverse the dysrhythmias induced by digoxin, and
this reversal is accompanied by the reversal of the K+ loss.

The (Na+-K+) -dependent ATPase is thus a probable site for the competi-
tive action of diphenylhydantoin to be expressed. In the view of the
abundant evidence that the membrane-bound (Na+-K+) ATPase is the receptor
at which the cardiac glycosides initiate their contractile effect, recent
reports that diphenylhydantoin does not reverse the inotropic effects are
disturbing. Since the mechanism of digitalis action has been called into
question, it was decided to study the effects of diphenylhydantoin on the
contractile force of canine myocardium in the absences and presences of
digoxin and then measure the effects on the myocardial (Na+-K+)ATPase and
K+ efflux under these conditions.
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Methods Employed : The right ventricular contractile force was measured

by a Walton-Brodie strain gauge in an isolated dog heart perfused jjn. situ

with Krebs solution. When the expected drug response was produced, such as

the peak contractile strength with digoxin, the heart was immediately per-

fused with ice-cold Krebs solution and a portion of the left ventricle was

removed. Microsomal fractions of the tissue were prepared according to the

method of Swartz et al. and the (Na+-K+) -dependent ATPase activity was deter-

mined. Appropriate samples were taken of the perfusate to determine any

changes in K* concentration.

Major Findings : Neither control perfusion nor diphenylhydantoin

(3 X 10^ M) alone altered Na+-K+ ATPase or produced K+ efflux. Diphenyl-

hydantoin alone depressed contractile force on average of 29% at 15 min.

Digoxin (10"^ M) alone in 7 dogs caused a 59% rise in contractile force at

the onset of arrhythmias (average 15.0 min of perfusion; ± 0.7 S.E.) along

with net K+ efflux of 50 ± 12 mmoles/min and a decrease in (Na'^-K+) ATPase

from 13.8 to 5.2 /imoles phosphate/mg protein/hr (P < .001). Perfusion with

diphenylhydantoin and digoxin combined (5 dogs) delayed arrhythmia to

28.9 ± 2.8 min, at which time the contractile force was higher, 91% above

control (P < .05), K+ efflux tended to be greater (87 ± 20 Mmoles/min) and

(Na'^-K^) ATPase was lower (2.5 jumoles phosphate/rag protein/hr, P < .05) than

with digoxin alone. Combined diphenylhydantoin-digoxin perfusion which

lasted only until the time arrhythmias appeared with digoxin alone (7 dogs),

however, yielded higher (Na+-K+) ATPase (7.7 S.A., P < .02) compared with

digoxin alone. K* efflux was unchanged while contractile force decreased

(26% above control, P < .05). Thus, diphenylhydantoin appears to diminish

the rate at which digoxin inhibits (Na+-K+) ATPase. Nevertheless, diphenyl-

hydantoin ultimately permits digoxin to produce a greater inhibition of

(Na"^-K+) ATPase, agreater increase in contractile force, and a tendency

toward greater K+ efflux than is possible without diphenylhydantoin. This

suggests that the antiarrhythmic effect of diphenylhydantoin cannot be

totally attributed to prevention of inhibition of Na-K ATPase or to diminu-

tion of K+ efflux, two changes characteristic of digoxin administration.

Significance to Biomedical Research and the Program of the Institute :

Although the physical responses of the heart to the cardiac glycosides have

been known for some time, the biochemical basis for their effects has not

been fully determined. In addition, the nature of the reversal of the

digoxin- induced dysrhythmias by diphenylhydantoin is not well understood.

The effects of digoxin and diphenylhydantoin on the force of contraction and

the (Na+-K+)-dependent ATPase led to a better understanding of the mechanisms

of action of these drugs as well as the relationship between the ATPase system

and its influence on the contractile force.

Proposed Course of Project : Terminated.

Honors and Awards: None

Publications: None
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1. Chemical Pharmacology
2. Organic Chemistry
3. Bethesda, Md.

PHS-NIH
Individual Project P.eport

July 1, 1970 through June 30, 1971

Project Title: Synthesis of spin labeled cardiac aglycones for

electron spin resonance studies of membrane

function

Previous Serial Number: None

Principal Investigator: Dr. Elwood 0. Titus

Other Investigator: Mr. Wallace W. Holland

Cooperating Units: None

Project Description:

Objectives ; Cardiac aglycones modified by the introduction of stable
nitroxide free radicals should be useful in membrane studies. Because of

the specificity and stability of the binding of these steroids to those mem-
branous lipoproteins which participate in the transport of cations in nerve,
kidney and other tissue, these drugs should provide useful spin labels. The
electron spin resonance spectra of bound drug will reflect the extent to
which constraints are imposed on the molecular motion of the steroid by its
environment. It is anticipated that conformational changes induced by sodium
and potassium in a purified transport ATPase from nerve membranes may be
revealed by changes in the spectra of bound spin labeled digitalis analogues.
There is evidence that, even when inhibited by cardiac glycosides, this
enzyme can still undergo cation dependent conformational changes.

An effort is being made to synthesize N-oxyl-4' ,4' -dimethyloxazolidine
derivatives from ketonic aglycones. These derivatives are particularly use-
ful because of their intramolecular rigidity. The orientation of the
nitroxyl free radical remains fixed with respect to the steroid nucleus so
that the spectra reflect the rotational correlation times of the whole
steroid skeleton.

Major Findings : A chromatographically pure spin labeled analogue III of
digitoxigenin has been synthesized by the sequence of steps shown below and
characterized by mass spectrometry. This synthesis illustrates some of the
difficulties yet to be surmounted. These include:

1) Loss of the I4p hydroxyl and formation of a 14,15 double bond which

1 1n»»



1
Serial No. NHLI-180

occurs as

dine, II.

side reaction in the ring closure to form the oxazoli-

2) Oxidation of the 14,15 double bond by the reagent (m-chloro-per-

benzoic acid) required to oxidize the oxazolidine to a stable

nitroxyl radical.

The 3p hydroxyl group lost in the formation of the oxazolidine and the 14p

hydroxyl lost by dehydration are both important for the binding of cardiac

glycosides to the transport ATPase. Although 14,15 epoxides, e.g. resibufo-

genin, are known to be biologically active, their activity is less than that

of the normally occurring drug. The product. III, was inactive against

kidney transport ATPase at 10" molar, the highest concentration testable.

In a series of experiments to test catalysts that might favor oxazoli-

dine formation without 14,15 dehydration, catalysts of variable acidity

caused exactly parallel effects on the two reactions. It would appear that

the protonation of oxygen which initiates the two reactions occurs about

equally at positions 3 and 14 irrespective of the catalyst.

0>. .0
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Significance to Biomedical Research and the Program of the Institute :

Becai'.de of the remarkable specificity of the cardiac glycosides as inhibitors

of the transport ATPase in membrane, they are widely used in studies of the

mechanism of membrane transport. If spin labeled analogues can be prepared,

these derivatives should become even more useful tools with which to investi-

gate stj:uctural changes in membrane that are associated with function.

Proposed Course of Project :

1) Since data to date indicate that unsaturation of the 14,15 position
is a necessary accompaniment of the formation of oxazolidine, efforts will
be devoted to restoration of the 14p hydroxyl at a later stage in the synthe-
sis. This may be achieved via a I4p hydroxy, 15p bromo derivative with the
use of N-bromacetamide and subsequent debromination with Raney Nickel.

2) If reconstruction of the 14 hydroxyl proves practical, introduction
of an oxazolidine at the 12 position of digoxigenin (which is sterically
hindered so long as 14 is occupied) will be attempted followed by the reintro-
duction of the 14 hydroxyl. This would give a product bearing the spin label
but still retaining those structural features most desirable for binding to
the transport site.

Honors and Awards: None

Publications: None
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Serial No. NHLI-181
1. Chemical Pharmacology

2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The mechanism of drug phototoxicity and photo-

sensitivity

Previous Serial Number: None

Principal Investigator: Dr. Colin F. Chignell

Other Investigator: Mrs. Donnas K. Starkweather

Cooperating Unit: None

Project Description:

Objectives : Many different drugs, such as the phenothiazines, sulfon-

amides, tetracyclines, griseofulvin and nalidixic acid, cause photosentivity

.

Photosensitive reactions can be divided into two main types, namely photo-

toxic reactions and photoallergic reactions. The phototoxic reaction usually
occurs during a patient's first exposure to sunlight after taking the drug
and often resembles a sunburn. In contrast, the photoallergic reaction
generally does not occur until some time after exposure and may resemble an
allergic skin reaction. Photoallergic reactions are often seen at sites
which have not been exposed to sunlight.

Although drug photosensitivity is clinically well documented, the pre-

cise mechanism of this toxic effect is unknown. We have therefore proposed
two possible mechanisms for drug photosensitivity and have begun to test our
hypotheses. The first is that photosensitivity results from photodecomposi-
tion of these drugs (or their metabolites) into chemically reactive species,
such as free radicals and/or carbonium ions, which then react covalently with
tissue components. The second is that the energy absorbed by photosensitizing
drugs is nonradiatively transferred to biomolecules such as proteins which
either undergo decomposition or which become denatured when the energy is

converted into the heat of thermal motion. Since the former hypothesis is

easier to test, we have studied the effect of light on the stability of a

number of drugs known to cause photosensitivity.

Methods Employed ; Drugs were dissolved in 0.1 M sodium phosphate buffer
or in ethanol and then irradiated in an Aminco-Bowman spectrophotofluorometer.
The extent of photodecomposition was measured by recording the fluorescence
emission spectrum of each drug as a function of time of exposure to the light

^f
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source. In all cases, the wavelength of irradiation and activation was the

same.

Major Findings ; Sulfanilamide, a drug which causes marked photosensi-

tivity, showed a 567,. decrease in fluorescence intensity after exposure to

light at 292 nm for one hour. This decrease was accompanied by the appear-

ance of a marked pink color in the drug solution. Carbutamide, another
sulfonamide which is used as a hypoglycemic agent, also showed photodecom-

position on exposure to light at 265 nm. Other drugs which exhibited a

decrease in fluorescence intensity on irradiation were the antibiotic agent
chlortetracycline and the antimalarial chloroquine.

Chlorpromazine showed a marked increase in fluorescence on irradiation
at 325 nm over a period of one hour, after which time the fluorescence inten-

sity decreased. Griseofulvin also showed a small increase in fluorescence

when irradiated in ethanol solution at 350 nm. The only drug examined
which is known to cause phototoxicity but which did not exhibit photodecom-
position was nalidixic acid.

Significance to Biomedical Research and the Program of the Institute :

If a drug causes photosensitivity, then its therapeutic usefulness is con-
siderably reduced. A knowledge of the mechanism of this phenomenon may
permit the design of nontoxic drugs or may suggest a suitable model for
testing for this undesirable side effect.

Proposed Course of Project ; The photodecomposition of these drugs will
be studied in greater detail in an attempt to determine what toxic products
are responsible for this phenomenon. An ESR spectrometer equipped with a
cavity which can be irradiated by light of different wavelengths will be
employed to detect the presence of free radical intermediates. Mixtures of
phototoxic drugs and model proteins such as serum albumin will be irradiated
in an attempt to detect the form.ation of covalent bonds between drug and
protein.

Honors and Awards: None

Publications: Chignell, C.F.; Fluorescence spectroscopy as a tool for
studying drug interactions with biological system. In
Chignell, C.F. (Ed.): Methods in Pharmacology, Vol. 2 ,

Physical Methods . New York, Appleton-Century-Crof ts,

in press.
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Serial No. nht,T-182
1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Effects of bromobenzene and CCl^ administration on

plasma and hepatic protein synthesis by perfused
rat liver

Previous Serial Number: None

Principal Investigators: Dr. Donald C. Davis
Dr. Masahisa Hashimoto

Other Investigators;

Cooperating Units:

Project Description:

None

Dr. Davis is a Research Associate in the Pharma-

cology-Toxicology Program, NIGMS

Objectives : Since bromobenzene and CCl^ produce hepatic centrolobular
necrosis, it was of interest to investigate their effects on plasma protein
synthesis in an attempt to ascertain the relationship of protein synthesis to
bromobenzene- induced liver necrosis. Alterations in protein synthesis in
other tissues make _in vivo results difficult to interpret; therefore, the
isolated perfused liver was employed for this study. The perfused liver
should be an ideal preparation for such studies, because it allows one to

differentiate between alterations in total protein synthesis and other
effects

.

Me thods Employed ; A recirculating isolated perfused liver preparation
was employed for these studies. Protein synthesis was determined by measur-
ing the incorporation of •'•'^C- leucine into serum and hepatic proteins. Total
proteins were separated by trichloroacetic acid precipitation and were counted
in a liquid scintillation counter. Protein concentrations were estimated
according to standard chemical assay procedures.

Major Findings : Male, Sprague-Dawley rats were treated with 1 ml/kg of
either CCl^ or bromobenzene (i.p., in oil) and killed at either 4 or 12 hours.
The livers were perfused in vitro with -^C- leucine. Impairment of total pro-
tein synthesis (liver + serum) was found at 4 hours after the administration
of CCI4. By contrast, 4 hours after the administration of bromobenzene
total as well as serum protein synthesis was higher than in control livers.

Twelve hours after bromobenzene pretreatraent, total protein synthesis was not
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altered when compared to control livers, but the incorporation of ' C- leucine

into serum proteins was decreased. Thus, bromobenzene does not inhibit total

protein synthesis, but it may inhibit the release of proteins into the serum.

It was of interest to see if the effect of bromobenzene on protein syn-

thesis could be altered by pretreatment of the animals with several drugs

(phenobarbital, SKF-525A, and 3-methylcholanthrene) which are known to affect

bromobenzene- induced liver necrosis. Pretreatment of rats with phenobarbital,

which increases the severity of bromobenzene- induced necrosis, enhances the

effect of bromobenzene to decrease the amount of C- leucine appearing in the
serum proteins. This effect was evident 4 hours after the administration of

bromobenzene, but the effect did not occur until much later (12 hours) when
bromobenzene was. given alone. Likewise, there was a significant decrease in

the incorporation of C- leucine into total protein. Thus, the same type of

effect as was observed in animals treated with CCl^ alone was observed in

animals which were pretreated with phenobarbital and then given bromobenzene.

SKF-525A and 3-methylcholanthrene (3-MC) prevent bromobenzene- induced
liver necrosis. After pretreatment with SKF-525A, bromobenzene not only does
not alter total protein synthesis at 12 hours but also does not inhibit the

release of proteins into the serum. By contrast, pretreatment with 3-MC
does not block the ability of bromobenzene to inhibit the release of proteins
into the serum.

Thus, it appears that inhibition of protein synthesis is probably not a

primary cause of bromobenzene- induced centrolobular necrosis. The inhibition
of release of serum proteins is also probably not involved in the induction
of necrosis, since 3-MC blocks necrosis but does not prevent bromobenzene
from decreasing the release of proteins into the perfusate.

Significance to Biomedical Research and the Program of the Institute :

These studies should help provide a better understanding into the mechanisms
involved in drug- induced liver necrosis.

Proposed Course of Project : We shall continue our studies on the mech-
anisms of drug- induced liver necrosis.

Honors and Awards: None

Publications: None
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2.

3.

Chemical Pharmacology

Bethesda, Md,

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The effect of cedrene on drug metabolism by hepatic

microsomes

Previous Serial Number: None

Principal Investigators: Dr. Masahisa Hashimoto
Dr. Donald C. Davis

Other Investigators:

Cooperating Unit:

Project Description:

None

Dr. Davis is a Research Associate in the Pharmacology-

Toxicology Program, NIGMS

Objectives : Recent investigations by Wade e^ aj.. have shown that the

increase in drug metabolism by cedarwood bedding is due to cedrene--the major

constituent of cedarwood oil. These authors suggested that the usual route

of administration is by inhalation which provides a continuous absorption,

although the actual quantity absorbed was assumed to be small.

The present investigation was undertaken to measure the actual dose

absorbed via inhalation and to compare the effects of cedrene on hepatic

drug metabolism by different routes of administration.

Methods Employed : GLC was employed to measure the concentration of

cedrene absorbed by the animals via inhalation. The method consisted of

removing samples of air from two reservoirs connected to the inhalation
chamber. One reservoir provided an inflow of air into the inhalation chamber
while the other reservoir acted as an exit for outflow of air from the

chamber. The difference in concentration between the two reservoirs was

assumed to be due to absorption of cedrene by the animals, since no differ-
ence was found between the two reservoirs when animals were not in the inhala-

tion chamber. The amount of cedrene absorbed was calculated by multiplying
the difference in concentration in the two reservoirs by the volume of air
flushed through the system during the experiment.

Major Findings : When 50, 100, or 200 mg/kg of cedrene was injected
intraperitoneally into female rats once a day for three days, ethylmorphine
N-demethylation activity increased 1.6- 1.9- fold and cytochrome P-450 content
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increased 1.2-1. 5- fold. Oral administration of cedrene (200 mg/kg, once a

day for three days) brought about a 2. 6- fold increase in ethylmcrphine metabo-

lism and a 1.4-fold increase in cytochrome P-450 content. When cedrene was

administered by the inhalation route in a dose of 60 mg/kg/day for 2 days or

60 mg/kg/day for 6 days, there was a 1.8- 2. 2- fold increase in ethylmcrphine

N-demethylation activity and a 1.3- fold increase in cytochrome P-450 content.

There was much less alteration of aniline hydroxylase activity.

The total daily dose of cedrene accumulated during the period of inhala-

tion was found to be comparable to an i.p. dose of 50 mg/kg/day. This is in

agreement with the effect of cedrene on hepatic drug metabolism, since the

effects were comparable when the drug was administered i.p. or by inhalation.

Thus, it appears that the mechanism by which cedrene exerts its effect on

the hepatic drug metabolizing system is the same irrespective of the route

of administration.

Significance to Biomedical Research and the Program of the Institute :

Since a standard method for the quantitaitve measurement of the dose of drugs

administered by inhalation has not yet been reported, it is of interest that

the present method is useful in studying the pharmacological and toxicological
effects of compounds administered by inhalation.

Proposed Course of Project : This project will be terminated.

Honors and Awards: None

Publications: None

'^1</'



Serial No. NHLI- 184
1. Chemical Pharmacology
2.

3. Bethesda, Md.

Project Title:

PHS-NUI
Individual Project Report

July 1, 1970 through June 30, 1971

The binding of sulfaphenazole to fetal plasma
albumin and to albumin isolated from the plasma
of infants and adults

Previous Serial Number: None

Principal Investigator: Dr. Colin F. Chignell

Other Investigator:

Cooperating Units:

Mrs. Donnas K. Starkweather

Dr. Elliot S. Vesell, Department of Pharmacology,
Pennsylvania State University, Hershey, Pennsylvania
Dr. Cheston M. Berlin, Childrens Hospital, Washing-
ton, D. C.

Dr. E. B. McMahon, Naval Medical Center, Bethesda,
Md.

Project Description:

Objectives : Ganshorn and Kurz have reported (Naunyn-Schmiedebergs
Arch. Pharmakol. Exp. Pathol . 260: 117, 1968) that the binding of many drugs,
including the sulfonamides, is greater in adult plasma than it is in plasma
from cord blood. Since the sulfonamides are bound mainly to plasma albumin
( J. Pharmacol. Exp. Ther . 129: 282, 1960), we have isolated this protein
from cord blood as well as from the plasma of adults and infants and studied
its interaction with sulfaphenazole.

Methods Employed : Plasma albumin was isolated by electrophoresis on a
starch supporting medium prepared in barbital buffer (0.05 M, pH 8.6) by the
method of Kunkel (Meth. Biochem. Anal . 1: 141, 1954). The binding of sulfa-
phenazole to plasma albumin was measured at 25° by means of equilibrium
dialysis.

Major Findings : Serum albumins isolated from eight normal adults had
association constants for sulfaphenazole which ranged from 8.2 x 10 M~ to
16.1 X 105 M-1 (Table 1) with a mean value of 11. 7 + 1. x 10^ M"!. This
mean value is very close to the association constant of 11.4 x 10^ M"-*-

obtained for commercial sample of crystalline human albumin prepared from
pooled plasma samples. In contrast, albumins isolated from the plasma of
newborns had association constants which ranged from 1.0 x 10 M" to

12.1 X lO-' M"-*-. Although albumin from the youngest infants tended to exhibit

1 'f-y^r
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the weakest binding while the albumin from our oldest infant, an 8-month-old

female, had an association constant about the same as an adult, the data are

still insufficient to establish a definite change in binding characteristics

with time.

Plasma albumins isolated from four samples of cord blood also showed a

reduced affinity for sulfaphenazole (Table 2). However, when cord plasma

albumin v/as treated with charcoal, its affinity for sulfaphenazole increased

(Table 2). Although Chen has shov7n C j. Biol. Chem . 242: 173, 1967) that

charcoal treatment of plasma albumin will remove bound fatty acids, we have

found that other bound anions, such as bilirubin, are also removed by this

procedure. When bilirubin was added to a sample of charcoal- treated adult

plasma albumin, there was a reduction in the affinity of the protein for

sulfaphenazole while the number of binding sites was unchanged (Table 3).

Thus, it is quite possible that the differences in the binding properties of

plasma albumin isolated from individuals of differing ages is due to the pres-

ence or absence of some strongly bound endogenous acidic compound such as

bilirubin.

Significance to Biomedical Research and the Program of the Institute :

Since newborn infants lack many of the liver microsomal drug-metabolizing
enzymes, the binding of a drug to plasma albumin probably represents an

important mechanism for removing it from circulation. Furthermore, it has
been reported that the administration of acidic drugs, such as the penicillins
or the sulfonamides, to newborn infants can displace bound bilirubin from
plasma albumin and cause kernicturus. Thus, it is important to know to what
extent drugs bind to the plasma albumin of neonates and how such interactions
can affect the binding of endogenous ligands, such as bilirubin.

Proposed Course of Project : The physical properties of albumins from
cord blood and the plasma of newborn infants will be further studied and
their interactions with other acidic drugs measured.

Honors and Awards: None

Publications: Chignell, C,F.: Physical methods for studying drug-
protein binding. In Brodie, B.B. and Gillette, J.R.
(Eds.): Handbook of Experimental Pharmacology, Vol. 28 ,

Concepts in Biochemical Pharmacology. Part 1 . Berlin,
Springer-Verlag, 1971, pp. 187-212.
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TABLE 1

The Binding of Sulfaphenazole to Plasma Albumin

No. Source Association
Constant

Average number

Sex Age of sulfaphenazole
(M"l X 10" 5) .

binding sites

per molecule
1''- _ _ 11.4 0.9

2 M 1 day 2.2 0.5

3 M 3 days 6.3 0.9

4 M 3 weeks 1.0 0.5

5 M 6 weeks 1.6 0.9

6 M 6 weeks 1.0 1.0

7 M 2 months 3.8 0.4

8 M 5 months 4.8 0.4

9 M 8 months 12.1 0.9

10 M Adult 9.5 0.7

11 M Adult 9.0 0.6

12 M Adult 14.0 1.0

13 M Adult 8.2 0.6

14 M Adult 11.0 0.4

15 F Adult 12.2 0.9

16 M Adult 13.6 0.7

17 M Adult 16.1 0.5

O

"Crystalline human plasma albumin purchased from Mann Research Laboratories

TABLE 2

The Binding of Sulfaphenazole to Cord Plasma Albumin

Plasma Albumin Association
Constant

(M-1 X 10-5)

6 1

6 1

1 6

5 5

13

14 5

12 6

12 9

Average number
of binding sites

per albumin
molecule

Untreated

Charcoal treated

0.9

1.0
0.9
0.7

0.60
0.60
0.65
0,63

V7;
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TABLE 3

Effect of Bilirubin on the Bindins of Sulfaphenazcle to

Charcoal Treated Human Cord Plasma Albumin

Molar Ratio of Association Average number
Bilirubin to Constant of Sulfaphenazole
Plasma Albumin (M"^ x lO"^) Binding Sites per

Plasma Albumin
Molecule

15.8 1.0
0.03 15.1 0.9
0.17 9.5 1.0
0.34 7.2 1.1
1.00 1.3 0.9

<^18



Serial No. NHLI- 185
1. Chemical Pharmacology
2.

3. Bethesda, Md.

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Desoxyisoproterenol: An alpha and beta adrenergic
receptor stimulating and blocking agent

Previous Serial Number: None

Principal Investigators: Dr. Jerome H. Fleisch
Dr. Gertrude D. Maengwyn-Davies
Dr. Thaddeus P. Pruss

Other Investigators:

Cooperating Units:

None

Dr. Maengwyn-Davies is Professor of Pharmacology,
Georgetown University Medical and Dental Schools

Dr. Pruss is Director of Pharmacological Research,

McNeil Laboratories, Fort Washington, Pa.

Project Description:

Objectives : To study the interactions of an optically inactive analog

of isoproterenol, l-(3,4,dihydroxyphenyl)-2-isopropylaminoethane HCl (des-

oxyisoproterenol, DOI, isopropyldoparaine) with adrenergic receptors of

various tissues.

Methods Employed : Spirally cut strips of rabbit and rat thoracic aorta

were prepared by the method of Furchgott and Bhadrakom ( J. Pharmacol. Exp .

Ther. IH: 265, 1954). Spirally cut tracheal strips were prepared by the

method of Constantine (J. Pharm. Pharmacol . 17: 384, 1965). Cat papillary

muscles were suspended in 50 ml organ baths and paced using a Grass Model 4

stimulator at a frequency of 1 pulse/sec and a duration of 1 msec at a voltage

twice threshold. Cats were prepared according to standard procedure for

femoral arterial blood pressure recordings.

Major Findings ; DOI was shown to stimulate beta adrenergic receptors

in cat papillary muscle, rat aorta and rat trachea in addition to causing a

hypotensive effect in anesthetized cats. DOI was also shown to stimulate

alpha adrenergic receptors in rat aorta. Furthermore, this compound blocked

both alpha and beta receptors in rabbit aortic strips and beta receptors of

rat trachea. These different actions indicate that DOI, an analog of iso-

proterenol which lacks the alcoholic -OH group, exerts both adrenergic

receptor stimulating and blocking properties.

^7f
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S ignificance to Biomedical Research and the Program of the Institute :

The.'^e findings together with others in the literature have helped pinpoint
the opcimal chemical configuration necessary to interact with adrenergic
receptors of various tissues. Furthermore, such findings will ultimately
result ia the future synthesis of more selective adrenergic receptor agonists
and antagonists.

Proposed Course of Project : Terniinated.

Honors and Awards : None

Publications: None
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Serial No. NHLI-186
1. Chemical Pharmacology
2.

3. Bethesda, Md.

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title:

Previous Serial Number:

Effects of chronic exposure to atmospheric ozone

and of drugs on enzymes

None

Principal Investigator: Dr. Elise Ann Brown

Other Investigator: Dr. Eberhard G. Trams

Cooperating Units:

Project Description:

Dr. Trams is with the Laboratory of Neurochemistry,
NINDS
National Air Pollution Control Administration,
Cincinnati, Ohio

Objectives : Because of its experience with enzyme systems important
to heart and brain function, this laboratory is occasionally requested to

provide short-term assistance to other agencies. Since ozone is a photo-
chemical byproduct of industrial atmospheric pollutants, the National Air
Pollution Control Administration has been interested in the possibility that
chronic exposure to Oo might impair some enzymatic functions in brain.

The Fogarty International Center has requested that we test two new
natural products isolated in Pakistan for possible cardiac glycoside- like
effects.

Methods Employed : Brain biopsy specimens were obtained from the pari-
etal and occipital lobes of 44 dogs maintained under 5 regimens of ozone
exposure for 18 months. These conditions included 1 ppm of 0^ for 8, 16, or
24 hours a day, 2 or 3 ppm of O3 for 8 hours a day and unexposed controls.
Standard methods were used for all analyses. Sodium and potassium dependent
ATPase was prepared by standard methods in use in this laboratory.

Major Findings ; Chronic exposure of dogs to ozone had only minimal
effects on any of the components studied. It did not alter either the
activities of 5' -nucleotidase and acetylcholinesterase or the formation of
lipid hydroperoxides in brain. However, brain monoamine oxidase activity
was increased by 19% (P < 0.01) in dogs exposed to 1 ppm of ozone for 8 or
16 hours per day but was decreased to 877o of control levels in animals con-
tinuously exposed to 1 ppm of O3. Catechol-O-methyltransferase activity of
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parietal and occipital cortex was decreased to 657o of control levels

(P < 0.01) in the animals continuously exposed to 1 ppm of ozone. The values

of apparent K^ for conventional substrates did not change, suggesting that

O3 caused a loss of enzyme rather than a minor perturbation of structure.

Although the mean catecholamine levels dropped by 357o in animals con-

tinuously exposed to 1 ppm of ozone, individual variability in brain cate-

cholamine levels was high and the results were not statistically significant.

The activity of Na"*"-K*'- activated ATPase did not change significantly
after any of the exposures to O3. However, there was a small but significant
(P < O.Oi) decline in the Mg"*""^ -activated ATPase in animals exposed to 2 and
3 ppm of Go.

Two new substances, corosin, C3QH^gOy, and saxin, a terpenic lactone,

^14^16^9' li^^^ been isolated from plant materials in Pakistan. At the

request of the Fogarty International Center, these were tested for cardiac
glycoside- like activity with negative results.

Significance to Biomedical Research and the Program of the Institute :

Ozone is highly reactive with unsaturated lipids. If sufficient ozone were
to reach the brain during chronic exposure, it might cause damage to the
membrane bound enzymes there in addition to the bronchitis, pneumonitis and
emphysema now known to occur.

Proposed Course of Project : Terminated.

Honors and Awards: None

Publications: None
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1. Chemical Pharmacology
2.

3. Bethesda, Maryland

PHS -NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The Detection of Conformation Shifts in Cell
Membranes during iSIormal and Altered Function by

the use of Electron Spin Resonance

Previous Serial Number: NHLI -287

Principal Investigator: Dr. Elise Ann Brown

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : Since the components of biological systems are rarely
paramagnetic, the paramagnetic resonance spectrum of a stable free radical
introduced into a biologically important molecule may be used to gain

structural information. The shape of the spectrum will depend on the

immediate environment of the radical. Marked broadening of the spectral
bands occurs if the ability of the radical to tumble freely in space is

restricted by viscosity or by the constraints of adjacent groups on a protein
surface. Stable organic radicals (spin labels), usually cyclic nitroxides,

can be attached to groups that either react to form covalent bonds with

specific sites on proteins or bind strongly to specific regions, such as

hydrophobic area of membrane proteins. The spectrum of the spin label may

then be used as an indicator of the conformational status of the eceptor

site.

Since magnetic resonance techniques, unlike optical spectroscopy, can

be applied to particulate or membrane -bound structures, spin labels offer

promise as a means of probing for conformational changes associated with
the function of (Na'''-K ) dependent ATPase. This enzyme participates in the

transport of Na* and K through cell membranes. Recent studies have been
concerned with the use of a spin labeled analogue of the substrate, ATP.

Methods Employed : The rates of release of phosphate from ATP by sodium

and potassium dependent enzymes were measured by conventional methods. Elec-

tron paramagnetic resonance spectra were determined on a Varian E-4 spectrom-

eter .

Major Findings ; Adenosine 5 'diphosphate-4-C2,2,6,6-tetramethyl-
piperidinyl-l-oxyl) (ADP-spin label) was prepared by the method of Weiner and
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new separation techniques were devised to purify this compound. The AD? spin

labal is not a substrate for the (Na + K) dependent ATPase from rat kidney

since no degradation products could be detected by thin layer chromatography

after 30 min of incubation with kidney enzyme at 37°. The compound is, how-

ever, an effective inhibitor of transport ATPase, 0.2 mmolar giving 507=

inhibition. The interaction between ATPase and the inhibitor must be complex,

since Dixon plots of reciprocal activity vs inhibitor concentration are not

linear and a fraction of the enzyme (about 25%), although normally responsive
to sodium and potassium, is resistant to inhibition by the spin label.

Significance to Biomedical Research and the Program of the Institute :

The transport of cations through membranes maintains osmotic balance in all
cells and excitability in nerve and muscle. Transmembrane sodium gradients
are also regulators of sugar, amino acid and catecholamine transport in
various tissues. Since the transport enzymes are membrane bound and active
only in insoluble complexes, physical methods suitable for studies of
mechanism are desirable.

Proposed Cour s e of Projec t: Efforts to explain the apparent two popula-
tions of resistant and inhibitable transport ATPase will continue. Greater
concentration of enzyme activity will be necessary to achieve significant ESR
changes with an inhibitor that is approximately 507, bound at 0.2 mM. Purifi-
cation efforts will continue.

Honors and Awards: None

Publications: None
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Dr. Colin F. Chignell

Mrs. Donnas K, Starkweather

None

Objectives : Hawkins and co-workers have shown that acetylsalicylic
acid can acetylate a specific lysine group in human serum albumin (HSA) both
iu vivo and in vitro (Science 160: 780, 1968; J. Clin. Invest . 48: 536,
1969). Since these workers also found that acetylsalicylic acid treated HSA
bound more acetrizoate (3-acetylamino-2,4,6-triiodobenzoate) , it was of
interest to determine whether acetylation altered the interaction of other
anionic drugs with HSA.

Methods Employed : Circular dichroism measurements were made with a

Cary 60 spectropolarimeter . Acetyl-C^^-salicylic acid was synthesized from

acetic-C -anhydride and salicylic acid.

Major Findings ; We have previously shown that acetylation of HSA by
ASA increased the affinity of the protein for phenylbutazone but decreased
its affinity for flufenamic acid. The structural changes in HSA caused by
acetylation were reflected by alterations in the extrinsic Cotton effects
generated by the binding of phenylbutazone and flufenamic acid to the pro-
tein. In order to determine whether these structural changes represented a
major conformational change in HSA, the intrinsic optical activity of the
protein was measured after incubation alone, with ASA, or with salicylic
acid. Results showed that neither the strong negative circular dichroism
band exhibited by HSA at 222 nm (due to the a-helical portions of the pro-
tein) (Table 1) nor the optical activity of the protein at higher wave-
lengths (due to tyrosine and tryptophan) was affected by acetylation. This
suggests that acetylation of HSA by acetylsalicylic acid does not cause
gross changes in the conformation of the protein but causes instead a small

1 Vgr
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localized perturbation at or near binding sites for both phenylbutazone and

flufenamic acid. The specificity of this interaction is shown in Table 2,

where it can be seen that when acetylsalicylic acid is replaced by equimolar

concentrations of other acylating agents, such as acetic anhydride, benzyl-

penicillenic acid, or benzylpenicillin, there is no change in the extrinsic

optical activity of phenylbutazone subsequently added to the HSA.

Since a reduction of the incubation temperature from 37" to 25° abolished

the effect of acetylsalicylic acid on the extrinsic Cotton effect generated

by the binding of phenylbutazone to HSA (Table 1), it became of interest to

determine whether the protein was still being acetylated under these condi-

tions. HSA was therefore incubated with acetyl-Cl^-salicylic acid. Our

results showed that when the incubation temperature was reduced from 37° to

25° the incorporation of C-'-'^-acetyl into HSA decreased by about 707» (Table

3). When flufenamic acid was included in the incubation medium, there was

no reduction in the labelling by acetyl-C-*- -salicylic acid while phenylbuta-

zone caused a 147o reduction in labelling.

These results suggest (a) that acetylation of HSA by acetylsalicylic
acid does not cause a major change in the conformation of the protein, and
(b) that the site of acetylation is not the binding site of either phenyl-

butazone or flufenamic acid. Possibly acetylation at some other site causes

a small local perturbation of the protein which is sufficient to alter the

binding sites for flufenamic acid and phenylbutazone.

Significance to Biomedical Research and the Program of the Institute :

The fate of a drug in the body is greatly dependent upon its interaction with
plasma proteins such as albumin. For many drugs, especially those which are

very insoluble at physiological pH, the plasma proteins play an important
transport function and make it possible for the blood stream to carry drugs

in concentrations far exceeding their normal solubilities. The binding of a

drug to plasma albumin also affects its free concentration in the plasma
and may reduce its availability to metabolizing enzymes in the liver. Thus,

if acetylsalicylic acid can modify the affinity of HSA for other drugs,
then it may profoundly alter their rate of metabolism and excretion.

Proposed Course of Project : The reaction of acetylsalicylic acid with
HSA will be studied in greater detail in an effort to find out what factors
affect the rate and course of this acetylation. Other drugs which are
esters will also be examined to determine whether they can also acylate HSA.

Honors and Awards: None

Publications: Chignell, C.F. and Starkweather, D.K.: Optical studies
of drug protein complexes. V. The interaction of phenyl-
butazone, flufenamic acid and dicoumarol with acetyl-
salicylic acid treated human serum albumin. Mol. Pharma-

col . , in press.
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Chignell, C.F. and Starkweather, D.K. : Species differ-

ences in the binding of phenylbutazone to human plasma
albumin. Pharmacology , in press.

TABLE 1

Molar ellipticity at 222 nm of human serum albumin

Human serum albumin (1 x 10" M) was incubated with drug (5 x 10" M) , where

indicated, then dialyzed at 4° against 0.15 M NaCl and finally distilled

water.

o

Addition
Time
(hr)

Incubation
Temperature

(°C)

Molar Ellipticity

Cb] X 10-7

(deg.cm decimole" )

None
None
Acetylsalicylic acid
Salicylic acid

24

24
24

37

37

37

1.41
1.40
1.43
1.40

TABLE 2

Molar ellipticity of phenylbutazone bound to human serum albumin

Human serum albumin (1 x 10""^ M) was incubated with drug (5 x 10"'^ M) , indi-

cated, then dialyzed at 4° against 0.15 M NaCl and finally distilled water.

Phenylbutazone was then added to the protein and its extrinsic optical activ-

ity meastired.

Addition Iiicubation
Time Temperature
(hr) (°C)

None __

None 24 37

Acetylsalicylic acid 24 37

Acetylsalicylic acid 24 25

Salicylic acid 24 37

Benzylpenicillenic acid 24 37

Benzylpenicillin 24 37

Acetic anhydride 24 37

Molar Ellipticity (at 287 nm)

[Tf X 10"

3

(deg.cm decimole" 1)

+ 53 9

+ 53 7

+ 75 8
+ 52 4

+ 51 4

+ 53

+ 52 8

+ 53 2

'^Calculated with respect to the concentration of bound drug.
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TABLE 3

Incorporation of C^'^-acetyl from Cl'^-acetylsalicylic acid

into human serum albumin

Human serum albumin (4 x 10"'^ M) vjas incubated with cl'^-acetylsalicylic acid

(1 X 10"3 M) in the presence of 0.02 M sodium phosphate buffer, pH 7.4.

J\ddition Incubation Mol«

inc

is of C^'^-Acetyl
Temperature Time ;orporated per

(°C) (hr) mole of HSA

None 37 2 0.14
None 37 4 0.24
None 37 6 0.28
None 37 24 0.61
None

10-^
25 24 0.18

Phenylbutazone (2 X M) 37 24 0.54
Flufenamic acid (

II

) 37 24 0.61
Dicoumarol (

II

) 37 24 0.65

4g^
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Project Title:
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Principal Investigator:

Other Investigator:

Cooperating Unit:

Project Description:

Objectives : Spin labels are free radicals which are stable in aqueous

systems at physiological pH values and which can be used as reporter groups

or labels for biological molecules. The most commonly employed spin label

is the nitroxide free radical (=N-^0) which can be used in two different ways

to study interactions with biological systems. Firstly, the nitroxide group

can be attached (covalently or noncovalently) to a macromolecular component

of biological system. Sandberg and Piette (Agressologie 9: 59, 1968) have

used this approach to study the interaction of chlorprom.azine with erythro-

cyte ghost membranes by labelling the latter covalently with a maleimide
nitroxide. A second approach to this problem is to build the nitroxide group

into the drug molecule and then to study the fate of the spin- labelled drug
molecule in an appropriate biological system. We have chosen this second
approach to study the interaction of a spin- labelled sulfonamide with bovine
carbonic anhydrase B.

Methods Employed : Bovine carbonic anhydrase B was purified from a

commercial preparation by passage over a DEAE cellulose column (Biochim .

Biophys. Acta 39: 218, 1960). Spin- labelled sulfonamide I (n = 0) was pre-

pared by condensing £-carboxybenzene sulfonamide with 4-amino-l-oxyl-2,2,6,
6-tetramethylpiperidine in tetrahydrofuran containing N-ethoxycarbonyl-2-
ethoxy-l,2-dihydroquinoline (J. Amer. Chem. Soc . 90: 1651, 1968). Spin-

labelled sulfonamide II (n = 0) was prepared in similar fashion from sulfa-
nilamide and 3-carboxy-l-oxyl-2,2,5,5-tetramethyl-pyrrolidine. Electron
spin resonance (ESR) spectra were recorded at ambient temperature with a

varian E-4 spectrometer using an aqueous sample cell. The hydrolysis of

£-nitrophenylacetate by carbonic anhydrase was measured by observing the
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increase in optical density which occurred 348 nm.

C0(NHCH2C0)jjNH

I

o

CH3
\ICH3

-Q:
rM]H

3
3

nh(coc:h2NH)^ ca
CH

CH-:

CH-:

CU-.

Major Findings : Both spin- labelled sulfonamide.'^' noncompetitively inhib-
ited the hydrolysis of £-nitrophenylacetate by bovine erythrocyte carbonic
anhydrase. The Ki for sulfonamide I (n = 0) was 1.2 x 10" M. While the

noncompetitive nature of this inhibition may seem surprising, since it is

known that sulfonamides bind to the active site of carbonic anhydrase, sim-

ilar results have been reported for acetazolamide, a potent inhibitor of the
enzjmie (J. Biol. Chem . 241: 5137, 1966). The apparent noncompetitive nature
of this interaction may be due to a relatively slow rate of release of the
inhibitor.

Both sulfonamide inhibitors quenched the native tryptophan fluorescence
of bovine carbonic anhydrase. Fluorescence quenching titration indicated
that there was 0.9 mole of sulfonamide I (n = 0) bound per mole of enzyme.
The association constant for this interaction was 1 x 10^ M"-'-. Sulfonamide
II (n = 0) was more weakly bound to the enzyme which made it difficult to
estimate its binding parameters with any degree of accuracy.

The ESR spectrum of sulfonamide I (n = 0) when free in solution con-
sisted of three narrow lines which resulted from hyperfine interaction
between the unpaired electron of the nitroxide group and the nucleus of the

nitrogen atom.. In the presence of bovine carbonic anhydrase, the spectrum of I

<^fo
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(n = 0) resembled the rigid glass, powder, or polycrystalline spectrum of

the nitroxide radical. This result suggests that x^hen I (n = 0) binds to

bovine carbonic anhydrase B the nitroxide group becomes immobilized at the

enzyme binding site. When ethoxyzolamide , a drug which has a very high

affinity for carbonic anhydrase, was added to the spin label-enzyme complex,

the sulfonamide was displaced from its binding site and once more exhibited

an ESR spectrum characteristic of a free molecule.

X-ray crystallographic studies of human carbonic anhydrase C containing

the inhibitor acetoxymercurisulfanilamide have indicated that the inhibitor

occupied a deep narrow crevice ( J. Mol. Biol . 25: 505, 1967). If this

picture has any validity for bovine carbonic anhydrase B, it is perhaps not

surprising that the nitroxide group of sulfonamide I (n = 0) became immobi-

lized when the drug bound to the enzyme.

Significance to Biomedical Research and the Program of the Institute:

Erythrocyte carbonic anhydrase catalyzes the hydration of carbon dioxide and

the formation of bicarbonate ion. It represents one of the few instances

where the "receptor" for a drug molecule has been isolated, purified, and

characterized to such an extent that in vitro studies of drug interactions

are possible. Spin labelling is a relatively new technique which will

undoubtedly become of great importance for studying drug mechanisms.

Proposed Course of Project ; The topography of the bovine carbonic

anhydrase will be explored by means of analogs of I and II in which n = 1,

2, etc. When the number of glycyl groups is increased, the ESR spectrum of

the sulfonamide spin label should eventually indicate that the nitroxide

group is no longer interacting with the binding site. Thus, it will be

possible to estimate the depth of the active site of bovine carbonic anhy-

drase B.

Spin label derivatives of other drug molecules, including the barbitu-

rates, local anesthetics and certain choline inhibitors of acetylcholines-

terase, .will be synthesized and their interaction with biological systems

studied. When used in conjunction with immunological techniques, such

derivatives may also be useful for the detection and assay of small amounts

of drugs in biological fluids.

1
!

Honors and Awards: None

Publications: Chignell, C.F.: Spectroscopic techniques for studying

the interaction of drugs with biological macromolecules.

Advan. Drug Res . 5: 55-94, 1970.
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Project Description:

Objectives : Feinstein and co-workers (FEES Letters 6: 245, 1970) have
shown that when l-anilinonaphthalene-8-sulfonic acid (ANS) binds to bovine
erythrocyte ghost membranes the fluorescence yield of this probe increases
50- fold while its fluorescence emission maximum shifts from 520 nm to 470 nm.

When the membranes were perturbed by calcium ions or the anesthetic buta-
caine, the fluorescence of bound ANS increased. Since these workers believed
that ANS was bound to the phospholipids of the ghosts, they suggested that
calcium ions and butacaine perturbed the lipid portion of the membrane.

Recently, Waggoner and Stryer (Proc. Nat. Acad. Sci . 67: 579, 1970) have
reported the synthesis of several fluorescent probes and studied their inter-
action with phosphatidyl choline vesicles. From their results they inferred
that the fluorescent moieties of 12- (9-anthroyl)-stearic acid (AS), N-dansyl
phosphatidyl ethanolamine (DPE) , and N-octadecyl naphthyl-2-amino-6-sulfonic
acid (ONS) probed the hydrocarbon, glycerol and aqueous interface regions,
respectively, of the phospholipid bilayer membrane. We have therefore used
these same probes to study the interaction of butacaine and other membrane
perturbing drugs with human erythrocyte ghost membranes.

Methods Employed : Human erythrocyte ghost membranes were prepared by
the method of Dodge £t a_l. (Arch. Biochem. Biophys . 100: 119, 1963). Fluo-
rescence was measured in an Aminco Bowman Spectrophotofluorometer and was
corrected for self absorption.
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Major Findings : The fluorescence emission maximum of AS bound to human

erythrocyte ghost membranes indicated that the anthroyl group of the probe

was present in a hydrophobic region of the membrane. In contrast, the dansyl

group of DPE was probably in a region close to the membrane-water interface,

since its fluorescence emission maximum when bound to the membranes was almost

the same as when the probe was dissolved in water. The fluorescence emission

maximum of ONS indicated that the fluorescent moiety of this probe was present

in the aqueous phase.

When butacaine sulfate was added to membranes containing bound AS, the

fluorescence intensity of the probe decreased while its fluorescence emission

maximum was unchanged. In contrast, the fluorescence of membrane- bound DPE

or ONS was unaffected by the addition of butacaine. Tetracaine, a local

anesthetic structurally related to butacaine, caused a decrease in the fluo-

rescence of membrane-bound AS and DPE while not affecting the fluorescence

of ONS. These results suggest that, while butacaine perturbs only the hydro-

phobic regions of the human erythrocyte ghost membrane, tetracaine causes a

more widespread change in membrane structure.

Flufenaraic acid, an anti- inflammatory agent which stabilizes erythrocyte
membranes at low concentrations (< 10"5 M) but labilizes them at high concen-

trations (> 10" M) , did not affect the fluorescence of membrane-bound AS but
decreased greatly the fluorescence of DPE. Preliminary results suggest that

this effect may be due to displacement of DPE from the membrane.

TABLE 1

The Fluorescence Emission Maximum of AS in Organic Solvents
and Human Erythrocyte Membranes

Solvent Fluorescence Emission Maximum

(nm)

n-Hexane
Benzene
Ethanol
Methanol

445
455
470
470

Erythrocyte ghost membranes 445
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TABLE 2

The Fluorescence Emission Maximum of DPE in Organic Solvents
and Human Erythrocyte Membranes

Solvent Fluorescence Emission Maximum
(nm)

Hexane
Benzene
Ethanol
Water

475
482
515
520

Erythrocyte ghost membranes 515

TABLE 3

The Fluorescence Emission Maximum of ONS in Organic Solvents
and Human Erythrocyte Membranes

Solvent Fluorescence Emission Maximum
(nm)

n-Butanol
Methanol
Methanol-water (3:1)
Water

412
415
420
430

Erythrocyte ghost membranes 430

Significance to Biomedical Research and the Program of the Institute ;

It is becoming increasingly apparent that many drugs exert their pharmaco-
logical effect by interacting with cell membranes. The erythrocyte ghost mem-
brane is affected by many of these drugs and therefore provides a useful
system for studying their mechanism of action. Once the mechanism of a drug
is fully understood at a molecular level, it becomes possible to design more
effective therapeutic agents.
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Proposed Course of Project : The interaction of other drugs, known to

modify membrane function, with human erythrocyte ghost membranes will be
studied.

1

n

Honors and Awards: None

Publications: Chignell, C.F.: Fluorescence studies of drug interactions
with biological systems - A review. Fluorescence News
5: 1-5, 1970.
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Project Description ;

Objectives ; Prior studies have indicated that protection from bromo-
benzene hepatotoxicity in rats, afforded by 3-methylcholanthrene pretreat-
ment, is associated with an increased bromobenzene dihydrodiol formation.
The present studies were undertaken to use urinary metabolite profiles as an
estimate of relative activities of epoxide S-glutathione transferase and
epoxide hydrase in vivo, at short time intervals after bromobenzene adminis-
tration.

Methods Employed ; 1. Glutathione disappearance; Glutathione depletion
from the liver cells was measured after an intraperitoneal injection of bro-
mobenzene (0.2 ml/200 g rat). 2. Pulse studies: Rats were injected with
bromobenzene i.p. (0.2 ml/200 g rat) and subsequently ^^C -bromobenzene (2 uc)
dissolved in 0.5 ml of plasma was injected into the femoral vein at time
intervals of 0, 1.5, 3, 6, 9 and 12 hr after i.p, administration. Urine was
collected for three hr after the i.v. injection.

Major Findings : 1. At short time intervals (0-3 hr), mercapturic acid
was the major metabolite (80%) in normal rats. The ratio of bromocatechol
+ bromobenzene dihydrodiol to mercapturic acid, reflecting the distribution
of the epoxide into the epoxide hydrase and epoxide S-glutathione trans-
ferase pathways was 0.09. At longer time intervals the proportion of
mercapturic acid in the metabolites decreased, consistent with the depletion
of GSH from the cells. The ratio of the hydrase to transferase pathways
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increased but never exceed 0.3. 2. The rate of depletion of GSH from the

liver of 3-methylcholanthrene induced rats was similar to that found for

untreated rats. 3. At all time intervals the formation in 3 MC induced rats

of mercapturic acid was decreased and the formation of the dihydrodiol and

catechol was increased. The ratio of epoxide hydrase mediated pathways to

epoxide S -glutathione transferase mediated pathway was 1.0 at short time

intervals decreased only to 0.65 at longer time intervals. 4. These data

suggest that 3-methylcholanthrene induces epoxide hydrase relative to

epoxide S-glutathione transferase and possibly to' bromobenzene epoxide

synthetase activity. Increased hydrase activity, particularly after gluta-

thione depletion from the liver cell, would act to decrease the steady state

level of bromobenzene epoxide and hence to decrease arylation of cellular

macromolecules and the subsequent necrosis.

Significance to Biomedical Research and the Program of the Institute ;

These studies emphasize that a variety of factors in drug metabolism may

influence the toxic manifestations of drug therapy and that these factors

may be influenced by prior exposure to drugs or other environmental con-

ditions.

Proposed Course of Project ; Studies on the mechanism of bromobenzene
metabolism will be continued with emphasis on the variety of metabolic path-
ways and the factors influencing the distribution of the epoxide inter-

mediate into these pathways.

Honors and Awards: None

Publications; None
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Project Description:

Objectives : Hemolytic anemia associated with glucose-6-phosphate
dehydrogenase deficiency is an example of a drug-induced lesion associated
with a genetic trait of man. Although a variety of clinical evidence is

available that drug metabolism is a necessary prerequisite for hemolytic
anemia, little is known about the nature of the metabolites, how they inter-
act with the red blood cell and whether or not the metabolites exert their
toxic effects by covalent binding to cell constituents. A major handicap
in these studies has been the lack of a suitable in vitro or in vivo model
system (apart from man himself) . The present studies were aimed at examining
parameters useful in assessing drug damage to the red blood cell and in the

capacity of liver slices to provide metabolites for study. Attention has
been given to the capacity of epiandrosterone to inhibit red blood cell
glucose-6 -phosphate dehydrogenase and hence mimic the human deficient red
blood cell.

Methods Employed : 1. Drug interaction with red blood cells has been
followed using the methylene blue decolorization test, glutathione depletion,
Heinz body formation, methemoglobin formation, heme liberation and other
hemoglobin modifications. 2. Liver slices were incubated at 37° with
acetanilid and sulphanilamide for 30 min and suspending fluid was then trans-
ferred and incubated with RBC to assess metabolite-RBC interaction.

Major Findings ; 1. Epiandrosterone-inhibited rat, rabbit and human
(normal) red blood cells (RBC) mimic human glucose-6 -phosphate dehydrogenase
deficient cells when challenged with acetylphenylhydrazine as shown by the
methylene blue decolorization test, a marked depletion of glutathione, heme
loss, Heinz body formation and cell hemolysis. 2. Attempts to implicate
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metabolism of acetanilid and sulfanilamide by liver slices with the hemolytic
effects have not been successful, possibly due to tight binding of metabo-
lites to liver slice proteins.

Significance to Biomedical Research and the Program of the Institute ;

Glucose-6-phosphate deficient hemolytic anemia is a major complication of

drug therapy, particularly in antimalarial treatment, for both negro and

mediterranean Caucasian populations. Understanding of the mechanism of

toxicity is essential for drug therapy and for drug design.

Proposed Course of Project : The project will be continued to examine

other methods of obtaining drug metabolism and to examine the effects of the

metabolites and of acetylphenylhydrazine on epiandrosterone-inhibited RBC

and on human glucose-6-phosphate deficient cells.

Honors and Awards: None

Publications: None
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Project Description:

Objectives : The specific binding of colchicine to microtubule protein

has been proposed (Malawista, Arth. Rheum. 11:191, 1968) as a mechanism by

which this drug exerts antigout and antimitotic activity. Direct evidence

for the binding of colchicine to the microtubule protein of the spindle and

concomitant disruption of the mitotic apparatus has been reported in the

literature, but there is no clear demonstration of an involvement of micro-

tubules in the alleviation of acute gouty arthritis. This project is a

study of the ability of colchicine, its derivatives and other mitotic agents

to inhibit the edema induced in the rat's hindpaw by sodium urate crystals.

These findings are correlated with the in vitro binding to microtubule
protein (Zweig and Chignell, 1970-71 Project Report) and the in vivo anti-

mitotic, antitumor and antigout activities of these agents reported in the

literature.

Methods Employed : As a model for gouty inflammation, the edema pro-
duced in the rat's hindpaw after subplantar injection of sodium urate
crystals was used as previously described (Webster and Maling, Adv. Exp. Med.
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Biol. 8:493, 1970). Drugs were administered subcutaneously in three

separate equal doses at 0, 2 and 4 hr after the subplantar injection of

10 ).ng crystalline sodium urate. Six hours after the initiation of the ex-

periment, the paws were amputated and the inflammation is expressed as the

difference in weight of the control paw (injected with 0.1 ml saline) and
that receiving the urate crystals. The dose of a drug which inhibited 50%

of the inflammation (ID ) was determined from dose-response curves. *'"

50

Major Findings : The ability of the various compounds to inhibit the

urate-induced edema is given in Table 1. Also included is their
ability to compete in vitro with colchicine for binding to rat brain micro-

| ^
tubule protein (data taken from 1970-71 Project Report by Zweig and Chignell)

.

j

g-

Colchicine at 2 mg/kg suppressed almost all (71-87%) of the inflammation
I

"

induced by the urate crystals. Certain other derivatives of colchicine i
^'

(N.2-5) appeared to be equally effective. When dose-response curves for
j

^
colchicine and derivatives No. 2, 3, and 5 were determined, the TDrQ values, \^
calculated in pmoles/kg, were found to be remarkably similar, all lying

"^

between 1.0 and 2.6 umoles/kg.

K-
Four other derivatives of colchicine (No. 6-9) were less potent (Table 1).

Two of these No. 6 and 7), when tested at 10 mg/kg, gave inhibition similar
to that of colchicine at 2 mg/kg. Two other derivatives (No. 8 and 10), I ^
even at this high dosage, inhibited the edema by only 58 and 28%, respec-
tively. TMCA (No. 11) was tested only at 10 mg/kg and was found to be in-

effective. The remaining derivatives (No. 12-18) did not inhibit the urate-
induced edema when tested at 2 mg/kg and their action was not investigated
further. It appeared, clear therefore, that the derivatives of colchicine
could be grouped into three classes, those as good as colchicine (No. 2-5),
those of only moderate effectiveness (No. 6-10) and those without effect.

Three other drugs (Table 1) which have been shown to bind microtubule
protein and interact with microtubular structures were tested for their
ability to inhibit urate-induced edema. Two of these, podophyllotoxin
(19) and vinblastine (21), produced good inhibition, but PTB (20) had no
effect, possibly because this drug is not absorbed at physiological pH.

As shown in Table 1, those derivatives most capable of binding to the
microtubule protein in vitro, with the exception of N-acetyl-iodo colchinol,
are those which also inhibit the rat-paw edema induced by sodium urate
crystals. A review of the literature on the antimitotic and antitumor
activities of these derivatives would suggest that these activities also
correlate with the above antiinflammatory activity. If the protein sub-
unit is similar in diverse microtubule systems, as is generally believed,
these data indicate that microtubules or microtubule protein is involved
in disruption of the mitotic spindle, inhibition of inflammation and bind-
ing to a brain protein.

^/
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Table 1. Inhibition by colchicine derivatives and other antimitotic
compounds of rat hindpaw edema induced by urate crystals.

No. Compound % Inhi- % Inhi- ID50 % Inhibition of

bition bition at um->les/ 3h-colchicine
at 2 mg/kg* 10 mg/kg* kg binding**

1 Colchicine 87,71 1.0 _

2 Demecolcine 87,86 1.2 60

3 Colchicein-
amide 78,75 1.9 82

A TMCA^ methyl
ether 78,86 2.6 52

5 TMCA ethyl
ether 79 NT 39

6 DTC^ 50,43 80 67

7 N-acetyl col-
chinol 26,46,29 75 50

8 Colchiceine 43, (23), (9) 58 7

9 Colchinol 45, (19), (21) NT 9

10 N-acetyl-iodo
colchinol (42), (11), (2 6) 28 59

11 TMCA - (26) 1

12 Colchicosamide (18) 2

13 Colchicoside (2) 3

14 Isocolchicine (7) 2

15 ISO TMCA methyl
ether (16) 4

16 Isocolchicein-
amide (0) 1

17 N-benzoyl TMCA (0) 2

18 Colchinoic
acid (0) 4

19 Podophyllo-
toxin 64 94

20 PTBC (0) 78

21 Vinblastine 67 25

**Taken from 1970-71 Project Report by Zvjeig and Chignell.
* All values are significantly different from saline controls except those

in parentheses.
N.T. - Not tested because of insufficient material.
a) TMCA = trimethylcolchicinic acid
b) DTC = desacetylthiocolchicine
c) PTB = podophyllotoxin isothiouronium bromide
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Significance to Biomedical Research and the Program of the Institute :

Only a few of these compounds have been tested clinically in acute gout.

Colchicine, demecolcine, TMCA and vinblastine were reported to be effective,

colchicoside gave equivocal results, and colchiceine was ineffective. Our

data agree with the observation that colchicine, demecolcine, and vinblas-

tine are effective anti-gout agents, but would class TMCA, colchicoside and

colchiceine as ineffective. Also, the data suggest that three other

derivatives, TMCA methyl ether, TMCA ethyl ether and colchiceinamide,

deserve further investigation, with the hope that one of these compounds

might be less toxic than colchicine, demecolcine or vinblastine.

Proposed Course of Project : A manuscript is now in preparation for

publication.

Honors and Awards : None

Publications : None

I o
fD
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Cooperating Units: Dr. Zweig is a Research Associate in the
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of the Experimental Therapeutics Branch, NHLI

Project Description:

Objectives : Our earlier investigations (NHLI-135) had shown that sub-
plantar injection of sodium urate crystals into the rat's hindpaw produced
an inflammation which was only partially inhibited by antagonists to the
kallikrein-kinin system. Further insight into the underlying mechanism of
this edema was sought by comparing the ability of colchicine, ten antihist-
aminesand two serotonin antagonists to reduce this urate-induced inflammation.

Methods Employed : Inflammation was produced by subplantar injection of
sodium urate crystals (10 mg/paw) . Saline (0.1 ml) was injected into the
other paw. Six hours later, when the inflammation was maximal, the paws were
amputated at the ankle. The inflammation is expressed as the difference in
weight of the hindpaws

.

Major Findings : Colchicine has been known to be effective in clinical
gout for more than a century and gouty inflammation is thought to be due to
the deposition of sodium urate crystals. If rat hindpaw edema induced by
sodium urate crystals is a satisfactory experimental model of gouty in-
flammation, the edema should be suppresed by treatment with colchicine. As

5V
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shoTAjn in Table 1, cclchicine (2 mg/kg) when injected subcutaneously at 0, 2

and 4 hr after the injection of sodium urate crystals almost completely pre-

vented the edema. In two different experiments, colchicine produced 87 and
78% inhibition.

The mechanism responsible for the effectiveness of colchicine does not
appear to depend on its ability to inhibit the inflammation induced by
endogenous mediators such as serotonin, histamine or bradykinin, since
colchicine more effectively inhibited the edema induced by sodium urate
crystals than that produced by these mediators (Table 1). Also, colchicine
only partially inhibited the edema induced by Compound 48/80, an edema
resulting from the release of serotonin and histamine from mast cells
(Maling, Webster and Zweig, Project Report). The effectiveness of colchicine
probably resides in the ability of this compound to bind to microtubule pro-
tein as shown in other studies (Zweig, Maling and Webster Project Report).

Table 2 compares the inhibition produced by large doses of two serotonin
antagonists and ten antihistamines of rat hindpaw edema induced by sodium
urate crystals. Since neither of the serotonin antagonists, cyproheptadine
and methysergide, inhibited the sodium urate edema, serotonin probably does
not participate in this type of inflammation. Histamine may be playing a
role since eight of the ten antihistamines significantly reduced the urate-
induced inflammation. However, two antihistamines, chlorcyclizine and di-
phenhydramine, failed to inhibit significantly this edema. The observation
that two of the antihistamines, promethazine and tripelennamine, were able to

inhibit the urate-induced edema as effectively as colchicine (Compare Table 1

with Table 2) suggests that these compounds may be effective antagonists of
gouty inflammation. When dose-response curves for these two antihistamines
were determined, the IDcq values, calculated in ymoles/kg, were similar
(54 for promethazine and 34 for tripelennamine)

.

Significance to Biomedical Research and the Program of the Institute ;

These data suggest that the subplantar injection of sodium urate crystals into
the rat's hindpaw is a suitable experimental model for gouty inflammation.
Bradykinin and possibly histamine may be playing a role in this inflammation,
but serotonin does not appear to be involved. Two of the antihistamines,
promethazine and tripelennamine, in large doses could suppress urate in-
flammation as effectively as colchicine and deserve further investigation as
possible anti-gout agents.

Proposed Course of Project : Further investigation into the mechanism of
sodium urate edema may be made and the inhibition of this edema by carboxy-
peptidase B will ba confirmed under conditions in which it clearly inhibits
inflammation induced by bradykinin. A manuscript will be prepared.

Honors and Awards : None

Publication: Webster, M.E. and Maling, H.M. : Evidence for and against the
kinins as endogenous mediators of arthritis. Adv. Exp. Med.
Biol. 8: 493-501, 1970,
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Table 1. Inhibition by colchicine of edema induced by sodium urate
crystals, serotonin, histamine, bradykinin and Compound 48/80,

Edema induced by % Inhibition

Sodium urate, 10 mg^ 87*, 78*

Serotonin, 1 yg 37*

Histamine, 200 ug 3

Bradykinin, 100 yg 35*
Compound 48/80, 10 yg 30*

Colchicine (2 mg/kg) was injected subcutaneous ly at
2 and 4 hr after the injection of sodium urate crystals
(10 mg); edema was measured at 6 hr. In experiments with
the other agents, inflammation was induced at 5 hr and
measured 1 hr later.

* Significant inhibition, p <.05.
^ Dose per paw.

S^4
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Inhibition of edema induced by sodium urate crystals by
two serotonin antagonists and ten antihistamines.

Compound" % Inhibition

Serotonin antagonists

Methysergide
Cyproheptadine

15

9

Antihis tamines

Promethazine
Tripelennamine
Antazoline
Pyrilamine
Chlorpheniramine
Phenindamine
Carbinoxamine
Triprolidine
Chlorcyclizine
Diphenhydramine

76*

73*

55*
52*

48*
46*
45*
44*

32

26

^ Methysergide (1 mg/kg) , cyproheptadine (4 mg/kg) and the

antihistamines (50 mg/kg) were injected subcutaneously at

0,2 and 4 hr after the injection of sodium urate crystals

(10 mg) ; edema was measured at 6 hr.
* Significant inhibition, p < .05.
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Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Correlations Between the Effects of Hepatotoxic

Compounds on Plasma and Liver Triglyceride

Levels and the Development of Hepatic Necrosis

Previous Serial Number:

Principal Investigators;

Other Investigators:

Cooperating Unit:

Project Description:

None

Dr. Harriet M. Maling
Dr. Benjamin Highman

Mr. Wilford Saul
Mrs. Martha A. Williams

Dr. Benjamin Highman is PHS Liaison Officer
and Chief, Radiopathology Division, Armed
Forces Institute of Pathology. He is also
a member of the Laboratory of Experimental
Pathology, NIAMD.

Objectives : It is well-known that a fall in plasma triglycerides and
triglyceride accumulation in the liver precede the development of hepatic
necrosis after the administration of carbon tetrachloride. Other compounds,
such as thioacetamide and bromobenzene, also produce liver necrosr's, but the
effects of these agents upon liver and plasma triglycerides have not been
studied. Scattered comments in the literature, based on histologic studies,
suggest that liver triglyceride acciomulation may not occur after the ad-
ministration of bromobenzene or thioacetamide. We have measured plasma and
liver triglyceride levels at various times after the administration of hepato-
toxic agents, in a search for possible correlations between decreased plasma
triglyceride levels, elevated liver triglyceride levels, and the development
of hepatic necrosis. We have also measured liver glycogen levels and plasma
levels of glucose and FFA, as indicators of glycogen and fat mobilization.
The effects of phenobarbital induction of drug-metabolizing enzymes and pre-
treatment with various blocking compounds will be determined, to see whether
potentiation or inhibition of triglyceride accumulation in liver is associated
with potentiation or inhibition of necrosis.

Methods Employed : Plasma levels of glucose, FFA, and triglycerides and
liver content of triglycerides and glycogen are measured by standard methods.

^0
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After fixation in buffered formalin, paraffin sections are stained with

azur-eosin for the evaluation of necrosis. Frozen sections are stained for

neutral fat with oil red 0. Additional sections of liver are fixed in acetic

acid-alcohol-formalin and stained with periodic acid-Schiff reagent for the

detection of glycogen.

Major Findings ; Liver triglyceride content in female rats increased

from about 4 mg/g to 12-15 mg/g in the first six hours after the administration

of bromobenzene (0.50-1,0 ml/kg, i.p.). Frozen sections stained with oil red

showed that the fat accumulated primarily in the centrolobular region.

Liver triglycerides did not increase significantly after the administration

of bromobenzene to male rats. However, plasma triglycerides fell in both male

and female rats, beginning about 8 hr after the administration of bromobenzene

and decreasing at 24 hr to levels about 50% those in control rats

.

2i

In female rats, thioacetamide (150 mg/kg, i.p.) increased the liver tri-

glyceride content four fold in 18 hr, even though liver triglycerides were

unchanged at 6 hr. Necrosis and fat accumulation were centrolobular. Plasma

triglycerides fell to about 40% control levels in 6 hr and were still low at

18 hr. Liver triglycerides in female rats were already significantly elevated

6 hr after the administration of allyl alcohol (0.05 ml/kg) and increased to

about 23 mg/g at 18 hr. Frozen liver sections stained with oil red showed

that the triglycerides were mainly deposited in the periportal region. Plasma

triglycerides were slighily decreased at 6 hr (77% control values) , but were

higher than controls at 18 hr. Periportal necrosis was evident as early as

6 hr after the administration of allyl alcohol.

Bromobenzene, allyl alcohol, and thioacetamide all caused elevated

plasma FFA and glucose levels in female rats at 6 hr. Glycogen depletion at

18 hr was marked, about 95% after thioacetamide and almost 98% after allyl

alcohol. As early as 6 hr after allyl alcohol, glycogen depletion was 80%.

These measurements indicate that mobilization of fat and glycogen occur

early after the administration of allyl alcohol, bromobenzene and thioacet-
amide. Triglycerides acciomulate in the liver and plasma triglycerides fall;

these findings suggest an impairment of hepatic release of triglycerides,
possibly the result of impaired synthesis of protein.

Bromobenzene, administered in small doses (0.15 and 0.50 ml/kg, i.p.) to

rats which has been treated with phenobarbital (80 mg/kg, i.p. for three

days) failed to produce significant triglyceride accumulation in livers of

either female or male rats. These small doses of bromobenzene decreased
plasma triglyceride levels markedly in rats pretreated with phenobarbital,
but only slightly reduced plasma triglyceride levels in control rats. The

phenobarbital treatment itself increased the levels of plasma triglycerides

in control rats killed 6 hr after injections of sesame oil (1.0 ml/kg) . The

failure of small doses of bromobenzene to induce significant triglyceride

acctraiulation in livers of rats pretreated with phenobarbital is in marked

2 ^9
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contrast to the potentiation of hepatic necrosis which has been reported
from this laboratory by Brodie et al (Proc. Nat. Acad. Sci. 68:160-164,

1971) . This finding suggests that hepatic necrosis is not always preceded
by triglyceride accumulation in liver.

Triglyceride accumulation in liver induced by bromobenzene (0.75 and

1.0 ml/kg, i.p.) was completely prevented by pretreatment with Dibenamine
(50 mg/kg, s.c. 24 and 48 hr before bromobenzene). We have previously re-
ported that Dibenamine treatment also prevents triglyceride accumulation in

livers of female rats after CCl^ and ethionine (Maling et^ a]^. , Fed. Proc.

19^:229, 1960). Experiments are now in progress to determine the effects of

Dibenamine treatment on the development of necrosis and on the fall in plasma
triglyceride levels produced by bromobenzene.

Significance to Biomedical Research and the Program of the Institute :

This project should unravel some of the confusion about the relationships
between decreased plasma triglyceride levels, elevated liver triglyceride
levels, and liver necrosis. Our findings to date suggest that the combination
of decreased plasma triglycerides and elevated liver triglyceride levels in
female rats is usually associated with the development of hepatic necrosis.

Proposed Course of Project : We are planning to study the effects of
various treatments which have been reported to block either triglyceride
accumulation in liver or hepatic necrosis. We have previously reported that
Dibenamine blocks both triglyceride accumulation and necrosis in the liver
induced by subcutaneous administration of CCl^ (Butler et^ al^. , Fed. Proc. 19 :

229, 1960). Other investigators have reported that certain antihistamines
(e.g., promethazine) blocks necrosis induced by CCl^ without preventing fat
accumulation. These interrelationships require further study.

Honors and Awards : None

Publications: Krawczak, J.J. and Brodie, B.B.: Effect of adrenalectomy
and complete blockade of adrenergic function on mortality
from histamine, endotoxin, formalin and tourniquet stress
in rats. Pharmacology 3: 65-75, 1970.
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Project Description:

Objectives : There has been much speculation concerning the roles of

various endogenous mediators in acute inflammation of the rat's paw produced

by a variety of phlogogenic agents. Many investigators have been skeptical

of a possible contribution of histamine to rat hindpaw edema induced by a

variety of agents because: 1. subplantar injection of histamine, even in very

large doses, produces little edema; and 2. several antihistamines have been

reported to be relatively ineffective against some types of inflammation. In

these studies we have compared the ability of 10 antihistamines and 3 sero-

tonin antagonists to inhibit the edema induced by 3 endogenous mediators,

histamine, serotonin and bradykinin. These data are used to evaluate the

roles'of the various endogenous mediators in inflammation induced by Compound

48/80.

Methods Employed ; The compound producing the inflammation was injected

into the left hindpaw and saline into the right hindpaw. One hr after injec-

tion, each rat was killed by decapitation and the paws were amputated at the

ankle. Inflammation was measured as the difference in weight of the hind-

paws. The antihistamines and serotonin antagonists were injected s.c. 15

min before injection of the phlogogenic agent subplantarly into the hindpaw.

Suspensions of rat peritoneal mast cells were used in in vitro studies with

these compounds

.

Major Findings : Dose-response curves for the three endogenous mediators,

histamine, serotonin and bradykinin, when compared to the dose-response curve

for Compound 48/80 (assume molecular weight of 516), showed that serotonin

and Compound 48/80 were approximately equipotent, that six times as much

jT//
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bradykinin was required to produce the same inflammation, and that 100 times

as much histamine produced only half the inflammation. Although histamine

was much less potent than serotonin in producing edema, the paw contains much

more histamine than serotonin, about 40-50 ug/paw histamine in contrast to

0.3 ug/paw of serotonin.

The hypothesis that histamine release contributes to the inflammation

induced by Compound 48/80 is supported by our finding that large doses of

a number of antihistamines, effectively antagonize the edema. The seven

antihistamines in Table 1 which inhibit both serotonin and histamine effec-

tively suppress the edema induced by Compound 48/80. However, significant

inhibition of the edema induced by Compound 48/80 is also produced by three

antihistamines, triprolidine, carbinoxamine , and chlorpheniramine, which do

not significantly inhibit serotonin edema.

A combination of 2-bromo-LSD, which effectively antagonizes serotonin

without modifying the response to histamine, and chlorpheniramine, which

antagonizes histamine, but not serotonin, almost completely prevents the

inflammation produced by Compound 48/80, as shown in Table 2.

The contribution of serotonin alone to the edema induced by Compound
48/80 can be estimated from the percent inhibition achieved with the two

most specific serotonin antagonists, 2-bromo-LSD and methysergide (Table 1).

About two-thirds of the edema is apparently the result of serotonin release
by Compound 48/80. The higher inhibition achieved with cyproheptadine is

probably associated with other factors, such as its significant antagonism
against bradykinin and the antihistamine activity which has been reported by
others

.

Four compounds, promethazine, antazoline, diphenhydramine, and cypro-
heptadine, were also capable of significantly reducing the

edema induced by bradykinin. In our 1970 report (NHLI-288), we stated that
the kinins probably do not play a major role in the inflammation induced by
Compound 48/80, since the edema was not reduced significantly by pretreatment
of the rats with soybean trypsin inhibitor or carboxypeptidase B., substances
which are capable of preventing kinin formation or destroying the formed
kinin.

Carbinoxamine, phenindamine, and particularly tripe lennamine appeared
to be more effective against Compound 48/80 than can be explained by their
effectiveness against either serotonin or histamine. In an effort to
explain this discrepancy, the compounds were tested at concentrations of
2 X 10"-^M on suspensions of peritoneal mast cells to estimate both 1. their
ability, if any, to release serotonin and histamine from the mast cells, and
2. their effectiveness in preventing release of these mediators by Compound
48/80 (8 ug/ml). Promethazine, phenindamine, and chlorcyclizine could by
themselves cause release of histamine and serotonin from mast cells. On the
other hand, tr ipe lennamine , triprolidine, chlorpheniramine and diphenhydra-
mine inhibited most markedly the release of these mediators from the mast

S?x.
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cells by Compound 48/80. No correlation could be seen between these two

activities and the ability of these compounds to inhibit the edema induced
by Compound 48/80.

Significance to Biomedical Research and the Program of the Institute ;

Many persons suffer from acute and chronic inflammation of various types .

This project should increase our understanding of mechanisms involved in

inflammation. A study of the effectiveness of various compounds against
experimental inflammations may lead to the clinical trial of promising com-
pounds. Effectiveness against edema induced by endogenous mediators' should
be of special interest.

Proposed Course of Project ; Carboxypeptidase B will be retested for its
ability to inhibit inflammation induced by Compound 48/80, under conditions
in which it clearly inhibits inflammation induced by bradykinin.

The combination of a specific histamine antagonist, triprolidine, and
methysergide, the most specific serotonin antagonist known, will be tested
for its ability to suppress completely the edema induced by Compound 48/80.

Honors and Awards: None

Publications

:

Severs, W.B., Gordon, J.W., Beaven, M.A. and Jacobsen,

Some observations on aminoguanidine pharmacology.

Pharmacology 3: 201-208, 1970.

Tf3
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Table 1. Inhibition of edema induced by Compound 48/80 (10 ug/paw) by

pretreatment of rats with histamine and serotonin antagonists.

% Inhibition of Edema
Compound'

48/80 Serotonin Histamine Br.3.dykinin

Compounds which antagonize both serotonin and histamine
Tripe lennamine 93* 42* 80* 16

Pyrilamine 90* 47* 97*
Promethazine 88* 78* 84* 46*

Antazoline 87* 61* 41* 32*
Diphenhydramine 67* 62* 63* 24*

Phenindamine 57* 38* 38* 26

Chlorcyclizine 57* 36* 72* 14

Compounds which inhibit histamine, but not serotonin
Triprolidine 61*, 38* 3 74* 1

Carbinoxamine 56* 15 24
Chlorpheniramine 26* 4 36*

Compounds which inhibit serotonin, but not histamine
Cyproheptadine 84* 62* 27 34*
2-Bromo-LSD 69* 95* 23 15
Methysergide 55* 95* 16

3 Each compound was injected in a dose of 50 mg/kg s.c. except for

cyproheptadine (4 mg/kg), 2-bromo-LSD (2 mg/kg), and methysergide
(1 mg/kg)

* p < .05

S-¥



Serial No. NHLI- 196

Table 2. Suppression of edema induced by Compound 48/80 (10 ug/paw) by
the combination of a specific serotonin antagonist, 2-bromo-LSD
(10 mg/kg i.p.) and a specific antihistamine, chlorpheniramine
(50 mg/kg s .c.)

Antagonist g. edema + S .E

.

% Inhibition

Saline

2-Bromo-LSD

Chlorpheniramine

2-BromorLSD +
Chlorpheniramine

.678 ± .030

.185 + .030

.537 + .030

.074 ± .033

Control

73

21

89
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Project Description:

Objectives : The data accumulated during the two years, 1968-1970, has

been analyzed and is now being incorporated into manuscripts suitable for

publication. The relationships between adrenergic salivation and body tem-

perature are being critically evaluated.

Methods Employed : Salivation and temperature responses to sialogogues

and antisialogogues were measured at ambient temperatures ranging from 4" to

42 °C.

Major Findings : It was found that the effectiveness of both sialogogues

and blocking agents is dependent on the ambient temperature. Small doses of

d -amphetamine, norepinephrine, epinephrine and 1-isoproterenol produced
greater salivation and temperature responses at ambient temperatures of 30~
32° than at room temperature. The alpha adrenergic blocking agents phentoi-
amine , blocked completely the salivation induced by d-amphetamine and 1-

isoproterenol at room temperature, but reduced only slightly the salivation
induced at elevated temperatures. Since phentolamine was relatively in-
effective in blocking salivation responses to norepinephrine and epinephrine
at room temperature, it was not tested against these sialogogues at higher
ambient temperatures. The beta adrenergic blocking agent, propranolol,
inhibited salivation induced by d-amphetamine less effectively at 30° than
at room temperature. In contrast, however, propranolol blocked completely
salivation induced by epinephrine and norepinephrine both at 30° and at room
temperature. Propranolol was not tested against isoproterenol at elevated
ambient temperatures because it did not block this agonist at room tempera-
ture .
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We have previously reported that salivation induced by dextroamphetatnine

(7.3 mg base/Kg, i-P-) is completely blocked 4 hr after pretreatment with
reserpine (10 mg/Kg, i.p.), but not at 24 hr . However, if the ambient
temperature is raised to about 32 °C one hr before administration, marked
salivation will be induced by d -amphetamine despite the pretreatment with
reserpine. Exposure of mice, which have been pretreated with reserpine, to
an ambient temperature of 40°C for 30 min will itself induce a salivation
response of 7.3, when measured as explained in previous reports, with a
possible range of to 18. For comparison, exposure of untreated mice to
the same ambient temperature induced a salivation response of 14.3.

Significance to Biomedical Research and the Program of the Institute ;

This study has increased our understanding of the role of adrenergic saliva-
tion in temperature regulation in animals in which sweating is not a major
function of heat dissipation. We have also developed a procedure for study-
ing salivation in mice which is well-suited for the demonstration of inter-
actions among autonomic drugs.

:
o

Proposed Course of Project ;

now in preparation.
We hope to complete manuscripts which are

Honors and Awards: None

Publications: Curry, S.H., Davis, J.M., Janowsky, D.S. and Marshall, J.H.L.:
Factors affecting chlorpromazine plasma levels in psychiatric
patients. Arch. Gen. Psychiat . 22: 209-215, 1970,

Hollister, L.E., Curry, S.H,, Derr, J.R, and Kanter, S.L.:
Studies of delayed action -medication. V. Plasma levels and
urinary excretion of four different dosage forms of chlopro-
mazine. Clin. Pharmacol. Ther. 11: 49-59, 1970.

Curry, S.H., Marshall, J.H.L., Davis, J.M,
Chlorpromazine plasma levels and effects.
Psychiat. 22: 289-296, 1970.

and Janowsky , D.S,

Arch. Gen,
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1. Chemical Pharmacology
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Effects of Sodium and Potassium on the Kinetics
of Serotonin and Norepinephrine Transport by

Rabbit Synap to somes

Previous Serial Number: None

Principal Investigators: Dr. Donald F. Bogdanski
Dr. Anja H. Tissari

Other Investigators: None

Cooperating Units: Dr. Tissari was an International Fellow

Project Description:

Objectives : To study the dependency of the amine transport mechanism
located at the plasma membrane of nerve endings upon the presence of

electrolytes. Specifically, to determine whether a specific electrolyte
increases or decreases the affinity between the carrier mechanism and
organic solute, and whether a facilitative electrolyte forms a ternary
complex with carrier and solute.

Methods Employed : Synaptosomes were prepared and incubated in various
media according to methods previously published by this laboratory (Tissari
et_ al. Mol. Pharmacol. 5: 593, 1969).

Major Findings : We previously reported that the transport of biogenic
amines by nerve endings involved an asjmietric distribution of Na*, K^ across
the plasma membrane. A third asymetry, the relative affinity between
carrier and amine was determined by the electrolyte distribution. Thus, Na
increases and K decreases the affinity of the carrier for amine. Hence, that
affinity is high outside the cell where the concentration of Na"^ is high and
K is low, and low inside the cell where the ion concentrations are reversed.
This situation may not apply for total electrolytes within the synaptosome,
but since the concentration of intracellular Na is high, a local Na gradient
may exist by reason of (Na + K)-ATPase activity occurring sim.ultaneously
with amine transport (Bogdanski et al., Biochim. Biophys . Acta 211: 521,
1970).

In any event the original premises outlined above were tested in synap-
tosomes by the application of the principles of kinetics to the problem.
The existence of a saturable carrier mechanism was shown by the results of
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experiments on the accumulation and transport of 5-HT by synaptosomes incu-
bated in Krebs-HC03 medium containing 10 - 1000 ng/ml 5-HT. Accumulation
and uptake increased with increasing concentration of 5-HT, a plot of the
data being curved at the lower concentrations, then becoming a straight line

at concentrations of 5-HT above 150 ng/ml. On the assumption that the
straight line portion represented 5-HT entry into the cell by passive
diffusion, the amount of 5-HT accumulated or transported by synaptosomes by
passive diffusion was calculated and subtracted from the total amount accumu-
lated or transported. The remainder represented that amount that was
accumulated or transported by means of the transport process. This carrier
was virtually saturated at a concentration of 150 ng/ml. Plotting the

reciprocal of transport against the reciprocal of 5-HT concentration pro-
duced a straight line having an apparent Km of 71 miM and V^ax °f 1-1 nmoles/
mg protein/hr.

Other experiments were designed for representation by double reciprocal
plots of the initial rate of accumulation of 5-HT and NE in the presence of

various concentrations of Na. The plots suggested that Na acts chiefly by

decreasing the apparent Km of 5-HT and NE, although Na slightly increases
the Vmax foi^ 5-HT but not NE. These curves were corrected for that amount
of 5-HT that entered the cell passively. The effect of Na on the apparent
Km of amines suggests that Na increases the affinity between carrier and

amine, but not the maximum velocity of transport.

Plotting the same data in the form of a double reciprocal plot of the

initial rate of accumulation of 5-HT and NE against sodium concentration in

the presence of various concentrations of amine produced similar but not

identical results. Whereas the curves for NE were linear and intersected the

y axis at a common point, those plotted for 5-HT were partially linear at

best. A linear curve in this plot suggests that amine, Na and carrier cross

the membrane as a ternary complex.

High concentrations of potassium antagonized the facilitating effect of

Na on transport.

i
5"

; o

Significance to Biomed ical Research and to the Program of the Institute

;

The nerve endings collectively are vital links in the recognition, integra-

tion and organization of the organisms' responses to changes in its environ-

ment. The present studies add fundamental information to our understanding

of the biochemical functions of nerve endings at the molecular level. Only

through such information will it be possible to make rational approach to

the control of such responses or to repair these responses when abnormal.

Proposed Course of Project

:

is essentially complete.

This aspect of our work on nerve endings

Honors and Awards: None

r/f
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Fubllcations: Bogdanski , D. F., Ti.ssari, A. H. and Brodie, B. B.:
Mechanism of transport and storage of biogenic amines.

III. Effects of sodium and potassium on kinetics of
5-hydrooxytryptamine and norepinephrine transport by
rabbit synaptosomes . Biochim. Biophys . Acta 219:
189-199, 1970.
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Serial No. NHLI- 199
1. Chemical Pharmacology
2.

3. Bethesda, Maryland

Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

The Effect of Divalent Ions on the Kinetics of
Release of H -NE from Rat Heart Slices

Previous Serial Number: NHLI -261

Principal Investigator: Dr. Donald F. Bogdanski
Dr. Thomas P. Blaszkowski

Other Investigators; None

Cooperating Units: Dr. Blaszkowski is a Hoffmann-LaRoche Fellow.

Project Description:

Objectives ; Messages relating to body functions are transmitted from
one nerve to another, or from nerve to effector organ, by means of chemical
transmitters. These transmitters are released by the arrival of a nerve
impulse at the nerve ending. The release is effected by a process which
requires the presence of Ca in the extracellular medium, and calcium inter-
acts with Na in this process (Keen and Bogdanski, Am. J. Physiol. 219 ;

677, 1970). The present report describes detailed studies of the mechanism
of release, and especially, the Na-Ca interaction.

Methods Employed ; The incubation of rat heart slices for the purpose
of investigating the efflux of previously labeled stores of NE have been
previously published by this laboratory (Bogdanski and Brodie , J. Pharmacol.
Exp. Ther. JAS, 181, 1969; Keen and Bogdanski, Am. J. Physiol. 219; 677,
1970).

"H-^

Major Findings ; Previous reports have shown that Ca and Ba increase
the rate of efflux of H -NE from rat heart slices incubated in Na''"-free
media made isotonic with sucrose or choline. The H -NE represents an incre-
ment over and above the release of radioactivity (80-90% deaminated metabo-
lite) from slices incubated in control Krebs -bicarbonate solution. The
reciprocals of the rate constant of release of H -NE (k - K^^g^^g), plotted
against the reciprocal of Ca or Ba concentration, were linear. These
results suggest that the release of H^-NE by Ca is mediated by a saturable
process which obeys Michaelis-Menten kinetics. The process is abolished at
0°C.
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The calcium dependent release is greater in media containing choline

or K ions as Na substitutes, than in media in which isotonicity is

maintained by Li or sucrose. However, in the presence of small amounts of

Na, a slight effect of Ca is observed in the presence of sucrose or Li.

Various concentrations of Na and Ca were added to media containing

143 niM K and the values of k - k calculated from the results of the

experiments were plotted in the usual double reciprocal format. The plots

suggest that Na and Ca are non-competitive antagonists.

More detailed work suggested that efflux depended upon the loss of Na

from the tissues rather than the entrance of choline into the tissues.

Although the loss of Na is accompanied by an increased uptake of Ca (Keen

and Bogdanski ibid .) , the results of the experiments with sucrose or Li

indicate that the presence of Ca"*"*" is not an absolute requirement for

release in Na deficient media.

The main conclusions to be drawn from this work is that Na is required

for storage whether or not Ca is present in the extracellular fluid.

Choline and K act as weak Na substitutes that can be antagonized by Ca.

Ca, as mentioned earlier, is a non-competitive antagonist of Na. In Na -

free media, NE is released either because more Ca can enter the cell or

because less Na is available to antagonize the NE releasing effect of Ca

within the cell or both. Baker et al. showed that Ca and Na move across

the plasma membrane in either direction in exchange for one another. Hence,

another effect of extracellular Na may be to facilitate the extrusion of

intracellular Ca by exchange with Na.

An alternative to the hypothesis described in the above paragraphs
makes use of Baker's data showing that the efflux of intracellular Na
increases in the presence of extracellular Ca. We have shown that isolated
nerve endings (synaptosomes) may contain large amounts of Na (Bogdanski

£t a_l. , Biochim. Biophys . Acta 211 , 521, 1970). The alternative hypothesis
suggests that the nerve impulse mobilizes a component of intracellular Na
responsible for amine retention. The Na so mobilized exchanges with extra-
cellular Ca to produce a deficiency of Na at some key point required for

storage. This idea satisfies the requirement for Ca transmitter release and

is in accord with the data showing that Na deficiency alone may correlate
with increased rates of efflux.

Significance to Biomedical Research and the Program of the Institute ;

Ultimately all functions of the body are begun or controlled by the libera-
tion of chemicals which transmit impulses from one nerve to the next step
in a chain. The studies reported will aid in the understanding of the
molecular processes involved in transmitter release. Such fundamental
knowledge is required for a rational approach to the treatment of any dys-
function at this level.
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Proposed Course of Project ; As time permits, further work will be
focused on the role of intracellular electrolytes in the storage and release
of nerve transmitters.

Honors and Awards: None

Publications: Blaszkowski, T. P. and Bogdanski , D. F.: Possible role of
sodium and calcium ions in retention and physiological
release of norepinephrine by adrenergic nerve endings.
Biochem. Pharmacol., 1971. In press.

^lr

ra.3

riiWiitlTvuiiiJESiTi^i.



Serial No. NHLI- 200

Project Title:

1. Chemical Pharmacology
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

The Effect of Enzyme Induction on Synthesis and

Catabolism of Corticosterone in Rats. Analysis by

Means of Steady-State Kinetics

Previous Serial Number: NHLI -262

Principal Investigator: Dr. Donald F. Bogdanski
Dr. Thomas P. Blaszkowski

Other Investigators:

Cooperating Units:

Project Description:

None

Dr. Blaszkowski holds a Hoffmann-LaRoche Fellowship

Objectives; The main purpose of our present studies is to establish

techniques suitable for the analysis of synthesis and metabolism of corti-

costerone in the rat by means of steady-state kinetics. Having done so, it

may be feasible to analyze the effects of various drugs, which affect syn-

thesis or catabolism of corticosterone, on plasma levels of steroid. As a

corollary, it may be possible to determine whether drugs alter plasma
corticosterone levels primarily by changing the rate of synthesis or cata-
bolism or both.

Methods Employed and Major Findings ;

estimated by standard procedures.
Corticosterone in rat plasma was

Two methods used for the estimation of steady-state parameters were
compared and found to yield significantly different results. The methods
and the results of their use are summarized as follows: The rapid intra-
venous injection method involves the killing of individual rats at various
time intervals after the injection of a constant dose of radioactive tracer.
Rate constants of the disappearance (k) of tracer from plasma are estimated
from the exponential decline of plasma levels as plotted on semi-logarithmic
graph paper. The rate of synthesis is calculated from the steady-state
relationship:

Rate of Synthesis, (K) — Rate of metabolism (k) x Steady-state plasma level(C)

The practical disadvantages of this method are manifold. The injection of
tracer disrupts the steady-state by causing an outpouring of corticosterone
from the adrenals. This effect is slight or absent if the animals are
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deeply anesthetized. However, the method requires an accurate estimation of

the volume of distribution of drug. This measurement cannot be made

accurately when the drug is being metabolized as rapidly as is corticosterone,

because the tracer does not come to equilibrium with the multiple components

of the whole body pool.

A better method involves the infusion of tracer quantities of radio-

active steroid until the steady state is achieved. This requires about 90

min or more of continuous infusion at a constant rate. Upon cessation of

the infusion, a biphasic decline in plasma levels occurs, the exponential

phase having a half-life (t 1/2) of about 37 min. as compared with 23 min

estimated by the single injection method. The difference reflects the equi-

libration of tracer administered by infusion with the whole body pool. The

rate of synthesis is easily calculated, provided that 1. the tracer quantity

is too small to influence the whole body pool, 2. the tracer is in equili-

brium with the whole body pool, and 3. the rates of infusion and adrenal
secretion are constant throughout the experiment. Under these conditions, the

plasma concentration of tracer represents a certain small proportion of the

concentration of endogenous steroid. The rate of infusion is known, and is

related to the rate of adrenal output by the same proportion. We have cal-

culated that the rat adrenals synthesize corticosterone at the rate of about
150 ^g/Kg/hr.

Certain drugs, such as pheaobarbital, are known to induce liver micro-
somal NADPH enzymes that can metabolize steroids. Phenobarbital does not

reduce plasma levels of corticosterone, however, indicating that the adrenal
gland compensates for the increased metabolism of the steroid by increasing
its rate of synthesis. Increased metabolizm after enz3raie induction is shown
in the larger k values calculated by both techniques. Moreover, the steady-

state plasma level of tracer, but not endogenous steroid, is lower in the rats
subjected to the infusion experiments. The rate of adrenal output of corti-
costerone in the phenobarbital treated rats is about twice that of controls.

Significance to Biomedical Research and the Program of the Institute ;

Drugs which alter the synthesis or metabolism of adrenal corticosteroids
are potentially harmful to the organism if the drugs produce long-lasting
alterations in the plasma levels of these steroids. With phenobarbital,
a widely used hypnotic and sedative drug, there is apparently little or no
danger because the rat compensates for increased metabolism by increasing
the rate of synthesis of corticosterone thereby maintaining constant levels
of adrenal corticoid.

Proposed Course of Research ; The dynamics of distribution, binding,
metabolism and synthesis of steroids in animals will be studied in more de-
tail. Oar findings will be applied to drug toxicity where relevant.

Honors and Awards: None

Publications; None

I
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1. Chemical Pharmacology
2.

3. Bethesda, Maryland

PHS -NIH

Individual Project Report
July 1, 1970 through June 30, 1971

Project Title: Comparison of the Effects of K -free Media and

Ouabain on the Transport of 5-HT and Norepinephrine

by Synaptosomes

Previous Serial Number: None

Principal Investigator: Dr. Donald F. Bogdanski
Dr. Auja H. Tissari

Other Investigators: None

Cooperating Units: Dr. Tissari was an International Fellow

Project Description:

Objectives : To aid in the understanding of the biophysical mechanisms

involved in the transport of neurohormone by nerve endings. Specifically, to

compare the properties of the transport inhibiting effects of two means of

inhibiting (Na + K)-ATPase.

Methods Employed : The transport, accumulation and metabolism Df bio-

genic amines were studied by means of techniques previously reported by

ourselves

.

Maj or Findings : We have made use of the concepts of transport (defined

as the total, carrier mediated movement of amine across the plasma membrane,
including that which is subsequently metabolized and diffuses back into the

extracellular medium) and accumulation , the ratio of intracellular to extra-
cellular amine. The present data reveal that a K -free medium and ouabain
both inhibit transport to a greater extent than accumulation indicating that
the transport process was more severely affected than previously realized.

The requirement of Na gradient as the energy source for active transport
and accumulation was tested in K*-free media and compared with that in media
containing ouabain. Ouabain and K''^-free media inhibit (Na + K)-ATPase almost
immediately whereas both inhibit 5-HT transport after a measurable time lag,

the development of inhibition being dependent upon the presence of Na'*" in the

extracellular fluid (Tissari £t al. , Mol. Pharmacol. 5: 593, 1969; Bogdanski
et al. , Biochim. Biophys . Acta 211 : 521, 1970). Hence, it was proposed that
the inhibition of transport by (Na + K)-ATPase inhibitors was the result of
a secondary, time dependent process involving extracellular Na"*' . The aboli-
tion of transport was thought to depend upon the abolition of the Na gradi-
ent across the cell membrane. The report of Tissari let al. showed that NE,
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unlike 5-HT, was not transported in the presence of ouabain after a Na
gradient was re-established by the addition of Na to the medium.

The present data also show that the inhibition of transport of NE in

K'''-free medium occurs after a time lag as previously reported for 5-HT.

The present experiments indicate that the inhibition of (Na +K )-ATPase
by K'^'-free media inhibits the transport of NE . The transport can be re-
started by adding Na"*" to the medium, thus re-establishing a Na gradient.

Hence, the failure of synaptosomes to transport NE in the presence of ouabain
must be due to the presence of ouabain per se , and not due to the inhibition
of (Na + K)-ATPase.

The significance of Na concentration in the temporal development of the

inhibitory effect of K-free meaia was also shown by adding 5-HT to a sus-

pension of synaptosomes in media containing either 50 or 150 iriM Na, after a

10 min preliminary incubation. The medium containing a high concentration of

Na failed to transport 5-HT whereas the medium containing a low concentration

of Na transported 5-HT to the extent of 42% of control. Thus, the delay in

the development of the inhibitory effect of K-free media as the transport

process is dependent upon the concentration of Na in the medium.

The same observation was made for ouabain. At a concentration of 10"T!^

in a medium containing 50 mM Na, ouabain blocked accumulation and transport

of 5-HT by 41% and 637o, respectively after 10 min preliminary incubation,

ouabain in a medium containing 150 iiiM Na blocked accumulation and transport

of 5-HT by 74% and 95% respectively.

In this and a number of previous reports, a general similarity was noted

in the characteristics of transport block by ouabain and by K -free media.

It was thought that ouabain might produce a functional deficiency of K at

some point essential for transport. High concentrations of K are known to

antagonize the inhibitory effect of ouabain on (Na + K)-ATPase. At concen-

tration of 75 mM (itself inhibitory) potassium decreased the inhibitory
effect,of 10"t^ ouabain upon accumulation and transport of 5-HT from 74%
and 95% to 45% and 69%, respectively.

In conclusion, ouabain blocks transport of biogenic amines by producing

functional deficiency of K* at some key point required for transport. More-
over, inhibition of amine transport by ouabain and K -free media resemble

their inhibition of (Na + K)-ATPase. The key point in question is whether
ouabain and K'*^-free media inhibit transport directly or indirectly by inhib-

iting (Na* + K"^)-ATPase or another enzyme having very similar properties.

All our assumptions relating to the delayed inhibition of amine transport,

contrasting with the rapid inhibition of (Na + K)-ATPase, are supported by

the present data.

Significance to Biomedical Research and the Program of the Institute ;

The various responses of the organism to changes in the environment in order

to maintain homeostasis, are integrated, controlled and mediated by means of

nerve endings. The experiments reported expand our knowledge of the physi-

I 9-

s-xr



/
^

Serial No. NHLI- 201

ology and biochemistry of nerve endings at the molecular level. Such basic
knowledge is required before rational approaches to control or therapy can
be undertaken.

Propos ed Course of Project ; This phase of our work on the nerve ending
is terminated.

Honors and Awards: None

Publications: Tissari, A. H. and Bogdanski, D. F.: Biogenic amine trans-
port Vl . Comparison of effects of ouabain and K* deficiency
on the transport of 5 -hydroxytryptamine and norepinephrine by

. synaptosomes . Pharmacology , 197. In press.
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3. Bethesda, Maryland

Project Title:

PHS -NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Effect of Electrolytes on the Accumulation and
Metabolism of Biogenic Amines by Subcellular
Fractions of Rat Brain

Previous Serial Number: None

I S-

Principal Investigators: Dr. Donald F. Bogdanski
Dr. Anja H. Tissari

t °.

Other Investigators:

Cooperating Units:

None

Dr. Tissari was an International Fellow

Project Description:

Objectives : To compare active transport and metabolism of biogenic
amines by various subcellular fractions of rat brain in order to establish
the site of metabolism of amines by synaptosome fractions and to compare
the relative purity of various fractions.

Methods Employed ; The techniques used for the isolation and incubation
of synaptosomes have been previously reported. Other subcellular fractions
were isolated simultaneously.

Major Findings ; Whole brains of rats and rabbits were used in these
studies and divided into the following fractions: supernatant, myelin and
debris, membrane fragments and small synaptosomes, synaptosomes, mitochondria
and large synaptosomes (mitochondrial fraction) and red blood cells and
large fragments. These fractions were studied for their monoamine oxidase
(MAO) content using serotonin (5-HT) as substrate. About 15% of the MAO was
contained in the supernatant fraction, whereas peaks of activity occurred in
all other fractions except that containing the red-blood cells and tissue
fragments. Metabolism in the synaptosomal fraction was mediated chiefly by
MAO within intact synaptosomes, which are to be considered as isolated cells
having an intact plasma membrane. Metabolism in the mitochondrial fraction
was mediated chiefly by free mitochondria as well as intact synaptosomes. In
order to compare the relative contribution of intact synaptosomes and free
mitochondria to total metabolism, we made use of previous data showing that
exogenous 5-HT must be carrier transported into the synaptosome before metab-
olism can occur, metabolism and accumulation being inhibited by ouabain or
by Na"*" and/or K*-free media which curtail or block transport.

Of
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In the present investigations, metabolism of 5-HT by aynaptosomes

incubated in Na'''-free medium was inhibited by 3 times as much as metabolism
by synaptosomes in the fraction containing free mitochondria and large

synaptosomes . Moreover in the control medium (Krebs-HC03) the synaptosome

fraction accumulated much more 5-HT than did the mitochondrial fraction.

The large amount of radioactivity present in the mitochondrial fraction was

present chiefly as deaminated metabolite. These results show that amines

diffuse freely to the site of metabolism in mitochondria, and do not require

Na"^ mediated transport for metabolism. By contrast, amines must be trans-

ported into synaptosomes before undergoing metabolism. In accord with

observations by means of the electron microscope, the various fractions are

relatively pure biochemically but are not absolutely pure.

Significance to Biomedical Research and the Program of the Institute :

These studies add fundamental knowledge of the biochemical physiology of

nerve endings and mitochondria. The nerve ending is, of course, essential
to life and our awareness and response to the environment.

Proposed Course of Project : This phase of our studies on nerve endings

is ended.

Honors and Awards: None

Publications: The above material was published as previously unpublished
data in a review of our work:
Tissari, A. H. and Bogdanski, D. F.: Effects of inorganic
electrolytes on the membrane transport and metabolism of

serotonin and norepinephrine by synaptosomes. International
Symposium on the Histochemistry of the Synapse, Ed. 0. ErSnko,

Helsinki, Finland, 1970. In press.
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1, Chemical Pharmacology
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title:

Previous Serial Number

;

Principal Investigator;

Other Investigators:

Cooperating Units

:

Relationship between Potassium and the
Sodium Requirement for Transport and
Storage of 5-Hydroxytryptamine and
Norepinephrine by Synaptosomes

Dr. Donald F. Bogdanski
Dr. Anja H. Tissari
Dr. Thomas P. Blaszkowski

None

Dr.

Dr.

Tissari was an International Fellow
Blaszkowski is a Hoffmann-La Roche Fellow

Project Description:

Objectives : To study the ionic requirements of the transport mechanism,
located at the plasma membrane, by which exogenous amines are transported
into the cell. This mechanism is presumably the same as that which recaptures
nerve transmitter released by the nerve impulse. The present data enlarge
upon the model transport system we have reported, (Bogdanski and Brodie,

J. Pharmacol. Exp. Ther. 165:165-181, 1969).

Methods Employed : The methods used for the isolation and incubation of

synaptosomes have been previously reported by this laboratory (Tissari et^ al .

,

Mol. Pharmacol. 5^: 593, 1969).

Maj or Findings : For this report we have made use of the terms accumu-
lation and transport. Accumulation is ratio of internal to external amine
concentration. Transport is the total amount of amine transported into the

cell by means of the carrier mechanism, including that which has been metabo-
lized and subsequently lost from the cell. In a medium containing 6 mM K , the

initial rate of accumulation and transport of serotonin and norepinephrine

increase with increasing concentrations of Na in the medium, until a maximum

rate is achieved (Bogdanski et^ al .
, Biochim. Biophys . Acta 211 :521, 1970).

However, in similar but K-free media, initial rates of accumulation and

transport of both amines increase up to a maximum at about 50-75 mM Na,

iTJ/
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then decreases as more Na"*" is added to the media. Thus, the requirement for

Na"*" for transport is modified by the absence of K^

.

The development of inhibition of accumulation and transport of serotonin

and norepinephrine by K+-free media is time dependent, suggesting that IC*"-

free media act indirectly, since the deficiency of K is instantaneous. More-

over, the relative inhibitory effect of K is greater in media containing 150

raM Na than in media containing 50 mM Na. A possible explanation for the

inhibition is that the developing inhibition of transport is the result of

the abolition of Na"^ gradients across the membrane. The equalization of ion

concentrations is caused by the inhibition of the Na-pump. Measurements of

intracellular electrolytes revealed that freshly prepared synaptosomes contain

relatively low quantities of electrolytes, the Na and K concentrations in-

creasing during incubation. The final concentration of Na"*" in IC*"-free media
depends upon the concentration of Na in the m.edia. In the presence of 10~%
ouabain, or in K^-free media, the intracellular concentration of K is lower

than that of controls but the concentration of Na, already high, is not in-
creased. This result suggests that the electrolyte pump can maintain a

gradient of K"*" across the membrane, if not Na"*".

It is concluded that transport and accumulation of amines by freshly pre-
pared synaptosomes in K"'"-free media becomes inhibited as the level of intra-
cellular Na rises, the amount of inhibition depending upon the concentration
of intracellular Na"*". However, transport can occur when intracellular Na is

high, approaching or exceeding the extracellular concentration. Under these
conditions, the transport of amines will take place only if electrolyte trans-
port occurs simultaneously. This led us to speculate that the transport of

amines is energized by the existence of local electrolyte gradients at the
membrane-storage vesicle junction or that the (Na"*" + Ic'")-ATPase may remove
electrolyte from the carrier.

Transport of serotonin and norepinephrine is not only inhibited by K-free
media, but by high concentrations of K as well. However, transport at 75 mM
K was greater than in IC'"-free media, suggesting that K fulfills some require-
ment for the transport process. Hence the facilitative and inhibiting func-
tions of K may be exerted at different parts of the transport process.

The efflux of stored NE from synaptosomes is increased slightly in K^-
free media, but much less than in Na''"-free media.

Significanc e to Biomedical Research and to the Program, of the Institute :

The nerve endings collectively are vital links in the recognition, integration
and organization of the organisms' responses to changes in its environment.
The present studies add fundamental information to our understanding of the
biochemical functions of nerve endings at the molecular level. Only through
such information will it be possible to make rational approach to the con-
trol of such responses or to repair these responses when abnormal.
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Proposed Course of Project : As time permits, the significance of the

relationship of transport to the intracellular electrolyte concentration,

in terms of our model transport mechanism, will continue to be studied.

Honors and Awards: None

Publication: Bogdanski, D.F., Blaszkowski, T.P. and Tiasari, A.H.

:

Mechanisms of biogenic amine transport and storage.

IV. Relationship between K"'" and the Na"*" requirement

for transport and storage of 5-hydroxytryptamine and

norepinephrine in synaptosomes. Biochim. Biophys.

Acta 211: 521-532, 1970.

Leitz, F.H. and Stefano, F.J.E.: Effect of ouabain
and desipramine on the uptake and storage of nor-
epinephrine and metaraminol. Europ . J. Pharmacol .

11: 278-285, 1970.

Leitz, F.H. : Mechanisms by which amphetamine and
desipramine inhibit the metaraminol-induced release
of norepinephrine from sympathetic nerve endings in
rat heart. J. Pharmacol. Exp. Ther . 173: 152-157,
1970.

W"

Leitz, F.H. and Stefano, F.J.E.: Desipramine-induced
release of norepinephrine from heart. Biochem .

Pharmacol . 19: 1797-1801, 1970.
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Project Title;

1. Chemical Pharmacology
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project PvCport

July 1, 1970 through June 30, 1971

Entiancement of Motor Activity in Rats following

Withdrawal of Chronic Treatment with Alpha-

Methyltyrosine.

Previous Serial Number: None

Principal Investigator: Dr. Jorge Perez-Cruet

Other Investigators:

Cooperating Units;

Dr. William E. Bunney
Dr . Dennis Murphy

Dr. Perez-Cruet is a Research Associate in the

Pharmacology-Toxicology Program, NIGMS

.

Dr. William E. Bunney and Dr. Dennis Murphy are

with the Section on Psychiatry, Laboratory of

Clinical Sciences, NIMH.

Project Description:

Objectives : The present study was designed to determine the mechanisms

involved in the enhancement of motor activity which has been observed in

humans following chronic treatment with Alpha-methyl tyrosine ( Engelman

et al., J. Clin. Invest. 47: 577, 1958). This enhancement of motor activity

has also been observed in depressed patients treated chronically with alpha-

methyltyrosine (Brodie, K. H. et. al
. , Clin. Pharmacol. Ther . 12: 218, 1971).

Methods Employed : Two groups of male rats weighing 200 mg were studied

for periods ranging from one week to two months. One control group received

saline injections (1 ml/rat) and another group received alpha-methyl tyrosine

methyl ester injections (100 mg/kg, i.p.) for 5 days. Motility of the rats

was measured over a 24 hr period for periods ranging from one week to two

months with an electronic motility meters. Analysis of monoamines were per-

formed at days 1, 3 and 5 after withdrawal of alpha-methyl tyrosine treat-

ment. Both dopamine and homovanillic acid were measured in controls and

treated animals. Tyrosine hydroxylase activity in brain was measured with

the method of Nagatsu (Nagatsu et_ aj^. , Anal. Biochsm. 9: 122, 1964).

Major Findings : The results showed a significant increase in motor

activity between days 2 through 7 following withdrawal of 5 days -treatment

with alpha -methyltyrosine. This enhanced motor activity was accompanied by

a 147o increase in the steady state levels of brain dopamine and a 140%

increase in the steady state levels of brain homovanillic acid. Tyrosine

hydroxylase activity was increased by about 19%. These preliminary findings
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-ui;gest sorae significant alterations in the metabolism of dopamine in rats

tollowing treatment with alpha-methyltyrosine. The data suggest an

activation of dopaminergic neurons possibly due to an induction of tj^rosine

hydroxylase.

Significance to Biomedical Research and the Program of the Institute :

This is the first evidence that dopamine metabolism may be altered after

withdrawal of alpha-methyltyrosine.

Proposed Course of Project : Presently we are studying if the turnover

of dopamine is changed after withdrawing treatment with alpha-methyl-

tyrosine. '-^C-tyrosine as a precursor of dopamine is being used to measure

the turnover of dopamine. The role of other monoamines, in particular

serotonin, is also under study.

Honors and Awards: None

Publications : None
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Serial No, NHLI-205
1. Chemical Pharmacology
2.

3. Bethesda, Maryland

Project Tide;

PHS -NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Evidence for a Balance in the Basal Ganglia
between Cholinergic and Dopaminergic Activity

Previous Serial Number: None

Principal Investigator: Dr

Dr,

Jorge Perez-Cruet
Gian L. Gessa

Other Investigators:

Cooperating Units:

Dr. Alessandro Tagliamonte
Dr. Paola Tagliamonte

Dr. Paola Tagliamonte held a Geigy Fellowship
Dr. Perez-Cruet is a Research Associate in the

Pharmacology-Toxicology Program, NIGMS

Project Description:

Objectives : The effect of centrally acting cholinergic and anticholin-
ergic drugs on dopamine metabolism in the basal ganglia or rabbits and rats
was studied. These studies arose from our previous observations that
cholinergic drugs such as oxotremorine, which is used to produce an experi-
mental model for Parkinson's disease in animals, increases the levels of
homovanillic acid (one of the main metabolites of dopamine) in the basal
ganglia. On the basis of the previous laboratory findings (Corrodi, Life Sci.
6^: 2557, 1967) it is evident that a balance between dopaminergic and cholin-
ergic activity is important in extrapyramidal functions. We have hypothesized
that the balance between these two systems may play a role in maintaining the
physiological regulation of some extrapyramidal functions. Therefore, an
increase in dopaminergic activity due to stimulation of cholinergic activity
can be an intermediate step in the physiological activation of extrapyramidal
functions

.

Methods Employed : Rabbits and rats were used to evaluate the effects
of cholinergic and anticholinergic drugs on the levels of dopamine and homo-
vanillic acid (HVA) in the basal ganglia. Cholinergic drugs; oxotremorine
was injected intraperitoneally (i.p.) in doses ranging from 0.5 mg/kg to
1.0 mg/kg and eserine in doses of 0.2 mg/kg. Another group of animals was
treated with an anticholinergic drug atropine (5 mg/kg, i.p.).

The effects of cholinergic and anticholinergic drugs on dopamine syn-
thesis rate was also measured using the method of Neff £t al. (J. Pharmacol.
Exp. Ther. 160 : 48, 1968) by blocking the transport of HVA with probenecid
and measuring the rate of accumulation of HVA in the basal ganglia. Turnover
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of dopamine was also measured after i.v. pulsed injection of labeled -^H-

tyrosine with the method of Sedvall et al. (J. Pharmacol. Exp. Ther . 159 ;

274, 1968) by measuring the conversion of %-tyrosine to -^H-dopamine

.

Major Findings ; In rabbits, oxotreraorine (0.5 mg/kg, i.p.) increased
the levels of HVA by about 26% (p < 0.01) and increased steady state level
of dopamine by about 22% (p < 0.001). In rabbits eserine (0.2 mg/kg, i.p.)
decreased the levels of dopamine in the basal ganglia by 21% (p < 0.01).
Atropine decreased the levels of dopamine by about 8% (p > 0.1). In rats,
eserine (0.2 mg/kg, i.p.) decreased dopamine levels by 29% (p < 0.01) and
increased HVA concentrations by 18%, (p < 0.05). Oxotreraorine (0.5 mg/kg)
decreased dopamine levels by 39% (p < 0.01) and increased HVA by 29%

(p < 0.02). Oxotreraorine and eserine significantly increased the accumula-
tion of HVA in the basal ganglia after probenecid (200 mg/kg, i.p.). Oxo-
treraorine significantly increased the conversion of H-tyrosine to H-
doparaine . In rabbits, the synthesis rate of dopamine in the basal ganglia
in control was 0.16 q,g/g/hr; atropine; 0.14 ug/g/hr (-10% decrease); eserine
0.17 |ig/g/hr (11% increase); and oxotreraorine; 0.26 jig/g/hr (66% increase).
In rats, the synthesis rate of doparaine in basal ganglia was 0.05 yg/g/hr;
atropine; 0.06 ijg/g/hr (20% increase); eserine: 0.098 ug/g/hr (96% increase)
and oxotreraorine; 0.15 ug/g/hr (194% increase). These results indicate that
the turnover of doparaine is increased by cholinergic stiraulation.

Significance to Bioraedical Research and the Program of the Institute ;

This is the first study showing a balance between dopaminergic and
cholinergic activity in the basal ganglia of rabbits and rats.

Proposed Course of Project ; Measurement of turnover of dopamine will
be done with other cholinergic and anticholinergic drugs to determine to
what extent different cholinergic drugs stimulate dopamine turnover.

Honors and Awards; None

Publications: Forn, J., Gessa, G.L., Krishna, G. and Brodie, B.B.:
Increased lipolytic response to norepinephrine in iso-
lated brown fat cells after sjrmpathetic denervation.
Life Sci. 9: 429-435, 1970.

Gessa, G.L., Krishna, G., Forn, J., Tagliamonte, A. and
Brodie, B.B. : Bheavioral and vegetative effects produced
by dibutyryl cyclic AMP injected into different areas of
the brain. In Greengard, P. and Costa E. (eds.): Role
of Cyclic AMP in Cell Function . Advances in Biochemical
Psychopharmacology , Vol. 3, New York, Raven Press, 1970,

pp. 371-381.

Sjoerdsma, A., Lovenberg, W. , Engelman, K. , Carpenter, W.T.,
Jr., Wyatt, R.J. and Gessa, G.L.: Symposium on Serotonin
Now: Clinical Implications of Inhibiting its Synthesis with
para Chlorophenylalanine. Ann. Intern. Med. 73: 607-629,
1970.
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I

Project Title:

Previous Serial No.

Principal investigators;

Cerebral Serotonin Metabolism and Tolerance

to Selective REM-Sleep Deprivation in Normal

and Hypophysectomized Rats

None

Dr. H. Cramer
Dr. J. Perez-Cruet
Dr. A. Tagliamonte
Dr. P. Tagliamonte
Dr. G.L. Gessa

Other Investigators:

Cooperatung Units

:

Project Description:

None

Dr. Perez-Cruet is a Research Associate in the

Pharmacology-Toxicology Program, NIGMS

Dr. P. Tagliamonte holds a Geigy Fellowship

Objectives : REM-sleep deprivation has been reported to increase brain
serotonin turnover in rats (F. Hery et^ al^- : Brain Research Zl: 319, 1970).
Experiments were carried out to clarify whether this effect was the conse-
quence of pituitary activation by stress.

Methods Employed : Intact and hypophysectomized male rats were REM-sleep
deprived according to Pujol ^ al. (Pujol £t a]^. : Science 159 : 112, 1968).

Major Findings : In normal rats REM-sleep deprivation for 3,5 and 7 days
produced respectively: no change, 20 and 35% increase in brain 5-hydroxy-
indole acetic acid (5-HIAA) . Brain serotonin and tryptophan levels were
increased by about 25% after 5 or more days of REM sleep deprivation.

After 7 days of REM-sleep deprivation, plasma corticosterone fell to

about 60% of the normal level.

Hypophysectomized rats survived for only up to 4 days of REM-sleep
deprivation. In these animals, 3 days of REM-sleep deprivation increased
the brain 5-HIAA by 100%, the brain tryptophan by 50% and the brain sero-
tonin levels by 20%

.

I
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The results suggest that the changes of serotonin metabolism induced
by REM-sleep deprivation are not due to pituitary stimulation; on the
contrary, they seem to be secondary to corticotrophin deficiency.

Significance to Biomedical and the Program of the Institute ; These
investigations provide the first evidence that changes in serotonin metabo-
lism due to REM-sleep deprivation are not secondary to pituitary stimulation.

Proposed Course of Project : We plan to continue these studies in
adrenalectomized rats to determine the role of adrenals in cerebral serotonin
metabolism and tolerance to selective REM-sleep deprivation. Studies of
corticosterone turnover in hypophysectomized rats subjected to sleep de-
privation are also planned to determine if the corticotropin deficiency
changes the turnover of corticosterone in REM-sleep deprived animals.

Honors and Awards: None

Publications: None

, o
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Project Title: Alterations in Brain Monoamines and their

Amino Acid Precursors in Chronically Jaundiced

(Gunn) Rats

Previous Serial Number: None

!

Principal Investigators:

Other Investigators:

Cooperating Unit:

Dr. Jorge Perez-Cruet
Dr. Anthony M. Guarino

None

Dr. Guarino is a member of the Laboratory of

Chemical Pharmacology, National Cancer Institute

Project Description:

Objectives: The present study was designed to determine the effects
of chronic hyperbilirubinemia on brain levels of monoamines; serotonin, dopa-
mine and norepinephrine; and their amino acid precursors: tryptophan and
tyrosine. These preliminary studies were performed in Gunn rats, which are
known to have a genetic deficiency of uridine diphosphateglucuronyl transferase
in the liver microsomes (Axelrod et^ al^ . , Nature 180 :1426, 1957). Gunn rats
have been used as an experimental model to study the toxic effects of bili-
rubin in the brain (Schutta, H.S., et^ al • , J- Pediatrics 75^:1070, 1969).

Methods Employed : Three groups of rats were used: 1) 6 control male
Wistar rats, 2) 6 homozygous male Gunn rats and 3) 6 heterozygous male Gunn
rats.

Separation of brain monoamines and amino acids was done by ion-exchange
chromatography and assays were done by standard spectrofluorometric methods.
Total serum bilirubin was measured both spectrofluorometricaliy (Roth M.,
Clinica Chimica Acta r7:487, 1967) and colorimetrically (Nosslin, B., Scand.
J. Clin. Lab. Invest. 12^, Supp . 49:1, 1960). Liver microsomal bilirubin
uridine diphosphate-glucuronyl transferase activity was determined using
phenolphthalein as a substrate.

Major Findings : All homozygous Gunn rats showed a deficiency of bilirubin
uridine diphosphate-glucuronyl transferase in liver microsomes and high levels
of total serum bilirubin (controls: 0.3 to 1.26 mg/100) , homozygous Gunn rats:
17.6 mg/100 ml; a significant change in brain tyrosine (controls: 16.1 pg/g;
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homozygous Gunn rats 7.8 ug/g) , and an increase in 5-HIAA (controls: 0.91

Ug/g; homozygous 1.15 yg/g) , but no significant change in the levels of

serotonin, tryptophan or dopamine. Heterozygous Gunn rats showed no change
tTl tyrosine, dopamine or norepinephrine levels, but they had higher levels
of serotonin (controls 0.68 g/g; heterozygous Gunn rats: 0.80 g/g) and
5-HIAA (controls 0.91 g/g: heterozygous Gunn rats: 1.29 g/g); two hetero-
zygous Gunn rats showed a deficiency of uridine diphosphate-glucuronyl trans-
ferase and jaundice.

These preliminary findings suggest that in icteric Gunn rats there are
alterations in the metabolism of catecholamines. The increase in 5-HIAA
and serotonin suggest possible alterations in serotonin metabolism. Changes
in tyrosine levels in brain probably reflect changes in structural protein
in nerve cells affected by chronic hyperbilirubinemia.

1 9-

Significance to Biomedical Research and the Program of the Institute :

These studies provide the first evidence that some brain amino acids and
monoamines are altered in chronic hyperbilirubinemia in Gunn rats. The study
is the first in a series to determine the mechanisms of bilirubin toxicity in
the brain.

Proposed Course of Project : We plan to determine whether the turnover of
norepinephrine, dopamine or serotonin are changed using H-tyrosine and l^C-

tryptophan as precursors. The levels of bilirubin in tissues, specially
brain tissue will be determined to investigate the possible interrelations
between brain levels and alterations in brain monoamine metabolism.

Honors and Awards : None

Publications : None
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Project Title: Dynamic Aspects of Hormonal Control of the

Formation of Cyclic AMP in Human and Rabbit

Platelets

Previous Serial Number: NHLI -216

Principal Investigators: Dr. James Harwood
Dr. Jay Moskowitz
Dr. Gopal Krishna

Other Investigators: None

Cooperating Units: Dr. Moskowitz is Research Associate in the

Pharmacology-Toxicclogy Program, NIGMS

.

Project Description:

Objectives ; Cyclic AMP has now been accepted as an intracellular

mediator of the response of a variety of hormones. This conclusion has

been drawn from numerous studies in which changes in the level of the cyclic

nucleotide have been correlated with changes produced by the hormone, e.g.

epinephrine induces phosphorylase activation in cardiac and skeletal muscle,

and various hormones stimulate lipolysis in fat cells. In order to char-

acterize the role of cyclic AMP, it is necessary to determine the factors

which govern the intracellular level of cyclic AMP. Platelets offer a

suitable single cell system for such studies. In an earlier part of this

project, it was shown that prostaglandin E]^ (PGE]^) was potent in stimulating
both the intracellular accumulation of cyclic AMP in intact platelets and

the adenyl cyclase activity in platelet homDgenates . In intact platelets,

norepinephrine alone has no stimulant action but inhibited the action of

PGEi. The effect of norepinephrine was mediated by alpha receptors, since

the effect was inhibited by phentolamine , an alpha adrenergic blocking drug,

but not by propranalol, a beta adrenergic blocking drug.

The present studies were undertaken to investigate the dynamic aspects
of the formation of cyclic AMP in intact platelets. The %-adenine method
has been used to monitor changes in the intracellular level of cyclic AMP.

Platelets were preincubated with H-adenine which is taken up by the cells

and converted to H-ATP which serves as a substrate for adenyl cyclase.

Since the validity of the 3f^_adenine method as an indication of the be-
haviour of endogenous cyclic-AMP levels has been questioned, total platelet
cyclic AMP levels have also been measured. These measurements enabled

S^-i-
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comparison of drug-induced changes in total and H-cyclic AMP levels.

Methods Employed ; Human platelets were prepared from fresh human

blood or human platelet concentrates, both supplied by the NIH blood bank.

Rabbit platelets were prepared from anesthesized rabbits , Platelets were

preincubated with H-adenine, washed, resuspended, and added to poly-

carbonate vials containing the drugs. -^H-cyclic AMP was isolated and

counted by the method of Krishna. Total cyclic AMP levels were measured by

a modification of the protein kinase binding assay of Oilman.

Major Findings ; 1. PGE-i caused a rapid increase in the level of H-

cyclic AMP in both species, reaching a peak within seconds. In human

platelets the level remained constant, but in those of rabbits it declined

by 2/3 in 10 min. 2. The stimulant action of PGE]^ was observed in the

absence of theophylline. In the presence of 2 x 10"% theophylline, the

peak level of cyclic AMP was doubled, 3. The formation of cyclic AMP was

temperature dependent. At 20''C, the peak cyclic AMP level occurred after

the same time interval as at 37 °C but was of smaller magnitude. These

effects of temperature were observed in the absence or presence of theo-

phylline. 4. Previously, it was shown that norepinephrine inhibited the

stimulant action of PGE^. It has now been shown that when cyclic AMP levels

are elevated by preincubation of blood platelets with PGE^ for 1 min,

addition of norepinephrine caused a rapid dose-dependent decrease in cyclic

AMP levels. This effect was not inhibited by theophylline. 5. Relative

changes in -^H-cyclic AMP (H-adenine method) and total cyclic AMP (protein

kinase binding method) corresponded closely.

Significance to Biomedical Research and to the Program of the Institute ;

If cyclic AMP is the mediator of hormone action, then the factors governing

the intracellular level of the nucleotide are critical to the expression of

hormonal action. The present findings indicate the following; 1. Cyclic

AMP formation in response to hormones (PGE^) is rapidly stimulated, and the

increased concentration of the cyclic nucleotide may act as a pulse or a

signal for subsequent biochemical events. From these considerations, studies

on the adenyl cyclase in cell-free systems may bear little relation to intra-

cellular events. 2. Human and rabbit platelets behave slightly differently.

Although in both species peak levels of cyclic AMP are rapidly achieved,

in rabbit the levels decline over a 10 min period, in spite of the presence

of theophylline. 3. Net cyclic AMP levels are the result of synthesis and

degradation. If cyclic AMP is undergoing rapid turnover during hormonal

stimulation, the net conversion gives no indication of the rate at which

ATP is being converted to cyclic AMP at the "steady-state" level. 4. The

effects of theophylline cannot be adequately explained in terms of phospho-

diesterase inhibition.

There are several indications that the ability of platelets to aggregate

is related to the level of cyclic AMP in platelets. Agents which promote

aggregation decrease cyclic AMP levels and agents which inhibit aggregation

cause an increase in the level of the cyclic nucleotide. Whether there is a

I'
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causal relationship between cyclic A>1P level and aggregation has yet to be

established. In this regard, a cyclic AMP dependent protein kinase has

been found in platelets which will promote phosphorylation of proteins. It

Is possible that transfer of phosphate groups could be important in platelet

aggregation.

Proposed Course of Project : 1. To study the effect of drugs reported

to influence platelet aggregation on platelet cyclic AMP levels, e.g.

dipyridamole and analogues. 2. To study the hormonal specificity of the

platelet adenyl cyclase system by studying the effects of insulin, ACTH and

glucagon. 3. To investigate the ionic requirements for hor.Tional activation

of platelet adenyl cyclase. 4. To purify plasma membranes from platelets

and study PGEjl binding and catalytic activity of the PGE^ sensitive adenyl

cyclase

.

Honors and Awards: None

Publications: Moskowitz, J., Harwood , J. P., Reid, W. D. and Krishna, G.:

The interaction of norepinephrine and prostaglandin Ej^ on the

adenyl cyclase system of human and rabbit blood platelets.
Biochim. Biophys . Acta 230: 279-285, 1971.

r«i^



Serial No. NHLI- 209
1. Chemical Pharmacology
2.

3. Bethesda, Maryland

PHS -NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the Biliary Excretion of Bromobenzene
Metabolites

Previous Serial Number: None

Principal Investigators: Dr. I. Glenn Sipes
Dr. Philippe Gigon
Dr. Gopal Krishna

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : To determine whether metabolites of bromobenzene are

actively secreted from the liver into the bile and whether agents that ' §.

alter the liver microsomal drug metabolizing enzymes also affect the rate

of secretion of these metabolites.

Methods Employed : Male rats, 200-250 gm (Hormone Assay) were anesthe-
tized with pentobarbital (50 mg/Kg, i.p.) and barbital (100 xg/Kg, i.p.).

The bile duct was cannulated and bile collected into a pre-weighed counting
vial. Rats were pretreated with phenobarbital (80 oig/Kg, i.p.) for 3 days

prior to surgery. SKF 525 -A (80 mg/Kg, i-p.) was administered 2 hr prior
to surgery. After approximately a 1/2 hr stabilization period, subtoxic
doses of C-bromobenzene (3.5 to 4.5 mg/200 gm; 25 to 50 uCi) was
administered i.v. At 1/2 hr intervals the bile and an aliquot of plasma
were collected. After 3 hr , the final bile and plasma samples were
obtained, the urine collected and the animal sacrificed. Total radio-
activity for each 1/2 hr sample was determined, as well as the total
radioactivity for an aliquot of urine. Aliquots (10 jil) of bile and urine
were subjected to paper chromatography for separation of various metabolites.

Major Findings : Biliary excretion of bromobenzene accounts for a major
percentage of the administered dose. For example, in 3 hr an average of

567o of the administered dose can be accounted for in the bile. An additional
257o of the administered dose is present in the urine. Phenobarbital pre-
treatraent results in an enhanced excretion of bromobenzene metabolites - 50%
of the administered dose being excreted in the bile in the first hr , as
compared with 287o in the first hr for controls. However, the cumulative
total excretion of bromobenzene metabolites in 3 hr is only slightly higher
in phenobarbital pretreated animals (657o) as compared to controls (567o)

.
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Preliminary experiments indicate that SKF 525-A inhibits the excretion of

biliary metabolites of bromobenzene at least in the first hr - only 18%

being excreted.

Bromobenzene rapidly disappears from plasma. At the end of the first

30 min less than 5% of the injected dose is present in the total plasma

of the rat as bromobenzene.

Analysis of paper chromatograms indicate that there are several bromo-

benzene metabolites present in the bile. In most cases there are k peaks;

the major metabolites have a Rf value that corresponds to the bromobenzene-

GSH conjugate. There are two major metabolite peaks present in the urine.

One peak corresponds to mercapturic acid of bromobenzene, but the Rf is

slightly less (0.84 compared to 0.92). This metabolite probably represents

the premercapturic acid. The other urinary peak disappears after 12-16 hr

incubation with glucuronidase indicating a glucuronic acid conjugating

phenolic metabolites of bromobenzene. There appeared to be no change in

the pattern of metabolites in the bile after glucuronidase treatment,

indicating that no glucuronide metabolites of bromobenzene are excreted into

the bile.

Significance to Biomedical Research and the Program of the Institute ;

The interesting finding that glutathione conjugates of bromobenzene are

excreted into the bile, it may be possible to study the formation of GSH

conjugates of certain drugs like diphenylhydanloin in vivo through an

active intermediate which then may form a GSH conjugate and may be excreted

into the bile. The analysis of urinary metabolites in these cases may be

misleading in that they may undergo further metabolism and obscure the forma-

tion of GSH conjugate in the liver. Moreover, this finding supports the

hypothesis that GSH conjugate is the precursor to mercapturic acid of bromo-

benzene which is normally excreted in the urine. It is possible that small

intestine plays an important role in the metabolism of GSH conjugate to a

cysteine conjugate by the glutathionase present in the small intestine. This

conjugate may then be converted to mercapturic and by acetylation of cysteine

moiety in the liver which is then excreted into the urine.

Proposed Course of Project ; Since several metabolites are found in the

bile, these metabolites should be identified. Also, other compounds that

are metabolized similar to bromobenzene will be investigated to determine
the importance of biliary excretion of metabolites and their capacities to

produce tissue lesions.

Honors and Awards; None

publications: None
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Studies on the Effects of Phenobarbital and
3-Methylcholanthrene Pretreatment on the in vitro
Metabolism of Bromobenzene in 3 Species

Previous Serial Number: None

Principal Investigator: Dr. I. Glenn Sipes
Dr. Gcpal Krishna

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : It is known that animal species do not metabolize foreign
compounds at the same rate or by the same pathway. Moreover certain agents
that alter the microsomal enzyme system, do not produce the same effect in

all animal species. The objective of this project was to study the metab-
olism of bromobenzene in rats, rabbits and mice after pretreatment with
phenobarbital and 3-methylcholanthrene.

Methods Employed : Rats were pretreated with drugs according to the

following schedule: a) Phenobarbital - rats and mice, 80 mg/Kg, i.p. for

3 days prior to isolation of microsomes; rabbits 60 mg/Kg, i.p. for 3 days,

b) 3-Methylcholanthrene (3-MC) - all species, 20 mg/Kg, i.p. in sesame oil

every 12 hr for 3 doses. Microsomes were isolated 24 hr after last dose.

^^C -bromobenzene was incubated with the microsomes and the GSH-bromobenzene
conjugate isolated as described in the preceding report.

Major Findings: Microsomes from all species studies (rat, rabbit and

mouse) metabolize bromobenzene. It appears that liver microsomes from the

mouse and rabbit have a higher basal activity for bromobenzene metabolism
than microsomes from the rat. Phenobarbital greatly increases the capacity
for bromobenzene metabolism by microsomes from all species. This is par-
ticularly so for rat liver microsomes in which the formation of bromobenzene-

GSH conjugate is 20 times greater after phenobarbital induction. It is

interesting that 3-methylcholanthrene enhances bromobenzene metabolism in

both the rat and mouse, but produces an inhibitory effect on microsomes from

the rabbit. These data are summarized in the following table:

r^7
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EFFECTS OP PHENOBARBITAL AND 3 -METKYLCHOLANTHRENE PRETREATMENT ON THE

METABOLISM OF ^^C -BROMOBENZENE BY LIVER MICROSOMES

Total Polar Metabolites

picomoles/min/mg microsomal protein

± S.E.M.
Rat Rabbit Mouse

Noninduced 245 ± 15 625 ± 21 595 + 64

Phenobarbital 3970 + 154* 3654 ± 178* 3830 ± 320*

3-Methylcholaiithrene 981 ± 97* 239 ± 15* 1956 + 25*

GSH-Bromobenzene Conjugate**

Noninduced
Phenobarbital
3-Methylcholanthrene

25 ± 6 47 + 4 39 ± 3

489 + 29* 306 + 13* 492 + 85*

133 ± 12* 15 ± 3* 146 + 9*

* p < .01, when compared with Noninduced.

** Not corrected for recovery.

Significance to Biomedical Research and the Program of the Institute ;

These findings indicate that chemicals known to alter the metabolizing
capacity of the microsomal drug oxidizing enzymes need not effect each

species to the same degree or even in the same qualitative direction.

Proposed Course of Project ; Microsomes from other tissues, such as

the kidney will be studied in relation to the effects of phenobarbital and

3-MC on bromobenzene metabolism.

Honors and Awards: None

Publications; None
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1. Chemical Pharmacology
2,

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June. 30, 1971

Studies on the Requirements for the Formation

of Glutathione Conjugate of Bromobenzene in

jszitro

Previous Serial Number

:

Principal Investigators;

Other Investigators:

Cooperating Units

:

Project Description:

None

Dr. I. Glenn Sipes
Dr. Gopal Krishna

None

None

Objectives : To investigate the possibilities that: 1) rat liver

microsomes can convert bromobenzene from a chemically inert aromatic hydro-

carbon into a highly reactive, electrophilic metabolite; 2) this highly

reactive metabolite can covalently alkylate reactive groups of potent, en-

dogenous nucleophils (e.g., glutathione); 3) compounds that alter the micro-

somal drug metabolizing enzymes will alter the in vitro metabolism of bromo-

benzene.

Methods Employed : C-bromobenzene was incubated with isolated liver

microsomes (2 mg/ml) from control or phenobarbital pretreated rats. This

incubation mixture (pH 7.0) also contained dlalyzed hepatic soluble fraction

(0,2 ml/ml); glutathione (3 mM) ; a NADPH-generating system (0.124 mM NADH,

2 mM nicotinamide, 0.2 mM NADP, 2 mM glucose-6-PO^, and 1 unit/ml glucose-

6-phosphate dehydrogenase) . Incubations were carried out at 37°C for a

period of 4 min. Inhibitors of the microsomal drug metabolizing enzymes

were added directly to these incubation mixtures. The incubations were
terminated by addition of heprane or glacial acetic acid. Polar metabo-
lites were determined by counting an aliquot of the aqueous layer following

3 heptane extractions. The bromobenzene-GSH conjugates were separated by

adsorption onto charcoal followed by paper chromatography.

Major Findings : Rat liver microsomes possess an ability to metabolize
bromobenzene. This was evident from the appearance of nonheptane extractable

(polar) metabolites of bromobenzene. Further purification of the aqueous
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phase via paper chromatography indicated the formation of metabolite with

an R- of 0.4 to 0.5, which reacted with ninhydrin. A peak with the same

Rf value was found when S -GSH and unlabeled bromobenzene were used
instead of '•^C-bromobenzene and unlabeled GSH. These results indicate the

formation of GSR-bromobenzene conjugate.

Omission of soluble fraction from the incubation mixture decreased the

amount of bromobenzene-GSH conjugate formed by 97%. Moreover, the conjugate

did not form when the microsomes, NADPH-generating system, or O2 were
omitted from the incubation media. When the complete system was incubated
in a CO-Op (9:1) atmosphere, the formation of the conjugate was

reduced by 94%.

When liver microsomes were isolated from rats pretreated with pheno-
barbital or 3-methylcholanthrene (3-MC) , the bromobenzene metabolizing
activity was markedly enhanced; phenobarbital being the more potent inducer.
The overall rate of metabolism was enhanced since both the total polar
metabolites and bromobenzene-GSH conjugate increased the same degree. A
16-20 fold increase was obtained with phenobarbital induction while a

4-6 fold increase was obtained when 3-MC was used as an inducer of micro-
somal enzyme system. Wlien SKF 525-A was administered to rats (75 mg/kg,
i.p.) 2 hr prior to isolation of microsomes, the bromobenzene metabolizing
capacity of these microsomes was reduced by 75%.

SKF 525~A and metyrapone, when incubated with liver microsomes, reduced
the bromobenzene metabolizing capacity of the microsomes. SKF 525-A was ^

slightly more potent inhibitor than metyrapone (Icq for SKF 525-A 1.5 x 10
M, metyrapone 2.5 x 10~ M)

.

Significance to Biomedical Research and the Program of the Institute :

These finding support the contention that bromobenzene, a relatively inert
aromatic hydrocarbon, is converted to a highly reactive intermediate
(possibly an epoxide) by a cytochrome P-450 enzyme in liver microsomes.
This reactive intermediate can serve as an alkylating or electrophilic
agent which will react with various nucleophilic substances. Such a re-
action can result in the formation of a covalent bond and may explain the
hepatic necrosis produced by bromobenzene and other aromatic hydrocarbons.

Proposed Course of Project: Clinically used drugs, especially those
that produce a high incidence of tissue necrosis or tissue inflamation
should be investigated for possible similarities in metabolism to highly
reactive intermediates. If these interraediates are formed, it is highly
probable that many of their toxic effects can be explained by a reaction of
this metabolite with reactive sites on endogenous molecules.

Honors and Awards : None
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Publications: Brodie, B.B., Reid,W.D., Cho, A.K., Sipes, G.,
Krishna, G. and Gillette, J.R. : Possible mechanism
of liver necrosis caused by aromatic organic compounds,
Proc. Nat. Acad. Sci. 68: 160-164, 1971.
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1. Chemical Pharmacology
2.

3. Bethesda, Maryland

PHS -NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the Metabolism of C-Bromobenzene
Metabolism by Rabbit Kidney Microsomes

Previous Serial Number: None

Principal Investigator: Dr. I. Glenn Sipes

Dr. Gopal Krishna

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : It has been postulated by this laboratory that the active
metabolite responsible for tissue damage is the epoxide of bromobenzene

.

Extensive studies on the metabolism of bromobenzene by liver microsomes
indicate the formation of an epoxide that can react with glutathione (GSH)
to produce a bromobenzene -GSH conjugate. Therefore measurement of the con-
jugate gives an idea of the amount of bromobenzene epoxide formed. Utilizing
the same theory and methodology, the metabolism of bromobenzene by kidney
microsomes was investigated.

Methods Employed : Microsomes were isolated from male rabbits (control
and phenobarbital pretreated) following homogenization of the kidneys in
cold Tris-KCl buffer (pH 7.4). After incubation of the microsomes with
C-bromobenzeae (0.5 mM) , the bromobenzene -GSH conjugate was isolated as

previously described.

Majo r Findings : The following table summarizes the current findings on
the metabolism of ^^C-bro.Tiobenzene by rabbit kidney microsomes.

EKFECTS 07 PHENOBARBITAL PRETREATMENT ON THi METABOLISM OF ^'^C-BROMOBENZENE
BY RABBIT KIDNEY MICROSOMES

Total Polar Metabolites

picomoles/min/mg microsomal protein
± S.E.M.

Noninduced 3 85 ± 10
Phenobarbital 3 333 + 15*

STx.
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GSH-Bromobenzene Conjugate**

Noninduced
Phenobarbital

6 +

34 +
1

3*

* p < .01, when compared with Noninduced

** Not corrected for Recovery

It is evident that phenobarbital pretreatment markedly enhances the

bromobenzene metabolizing capacity of rabbit kidney microsomes. This is

similar to findings for liver microsomes. It appears that the bromobenzene

metabolizing capacity of the kidney microsomes is about 107= of that

rabbit liver microsomes

.

Significance to Biomedical Research and the Program of the Institute ;

Tissue damage produced by exposure to foreign compounds (including the

controled administration of drugs) have always presented problems to the

medical community. These findings indicate that there may be a relation-
ship between the normal detoxification process present in the organism and

the extent of tissue damage.

Proposed Course of Project : Since these are only preliminary findings,

further study is necessary on the metabolism of bromobenzene and related

compounds by kidney microsomes. Once an accurate, reproducible assay is

accomplished for these agents, various drugs known to produce deleterious
effects on the kidney will be studied.

Honors and Awards: None

Publications: None
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Project Title:

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Differentiation of ATP and Cyclic AMP

Pools in the Fat Cell

Previous Serial Number:

Principal Investigator:

Other Investigators:

Cooperating Unit:

None

Dr. Jay Moskowitz
Dr . James P . Harwood
Dr. Gopal Krishna

None

Dr. Moskowitz is a Research Associate
in the Pharmacolog -Toxicology Program,

NIGMS

Project Description:

Objectives: Adenosine 3' ,5 '-monophosphate (cyclic At4P) has been im-

plicated in the mediation of numerous hormonal effects. Because of some

discrepancies between the levels of cyclic AMP within the cell and phys-
iologically mediated effects of cyclic AMP (such as lipolysis) a multi-pool

hypothesis has been suggested. We have utilized two methods of determining

cyclic AMP levels and two methods of labeling ATP pools in order to char-

acterize different pools of cyclic AMP.

Methods Employed : Male Sprague-Dawley rats (200-240 g) were used in

all experiments: a) preparation of labeled fat cells in situ : Rats

were anesthetized by intraperitoneal administration of pentobarbital (40

mg/kg) . Testes and epididymal fat pads were exposed by an incision in lower

right abdominal quarter and allowed to hang beneath the animal into a Incite

incubation bath similar to that designed by Stein and Stein (Biochim.

Biophys. Acta 5_4: 555, 1962). Each fat pad was allowed to incubate in 1 ml

of KRP-buffer containing 10 uCi (4.3 x 10-7^) of 3H-adenine. After incubation
the pad was placed back into the peritoneal cavity and the animal was sutur-

ed, b) Preparation of cells in vitro : Epididymal fat pads were removed

from either preoperated (above) or normal animafe and the cells were isolated

by the method of Rodbell (J. Biol. Chem. 239^: 379, 1964). Intracellular
adenine nucleotides were labeled by preincubation with -'-^C-adenlne (1 MCj^/

^-5. 14
2 X 10"^M) . c) Cyclic Al-g' determination : %-cyclic AMP, and ^'*-cyclic AMP

were isolated and assayed by the method of Krishna (J. Pharmacol. Exp. Ther

163: 379, 1968). Unlabeled cyclic AMP was determined by the Oilman protein
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kinase binding assay (Proc. Nat. Acad. Sci. 67^: 305, 1970). d) ATP

determinations: ATP was determined in a Dupont luminescent Biometer by use

of a luciferin-luciferase reaction.

Major Findings : a) H-cyclic AMP, •'^C-cyclic AMP and total cyclic AMP

in isolated fat cells are increased in response to norepinephrine in a dose

dependent fashion (10~''-10~%) . The increase in the ^h, ^^c and total cyclic

AMP are qiialitatively similar, b) Adenine prelabeled cells whether incu-

bated in vivo for 7 days or in vitro for 15 minutes respond to norepinephrine

(10~'^-10~^yTn a qualitatively similar fashion, c) The ratio of the specific

activity of cyclic AMP divided by the specific activity of ATP for either

isotope (e.g., %-cyclic AMP/total cyclic AMP divided by 3H-ATP/total ATP)

increases with increasing dose of norepinephrine. Without the addition of

catecholamine this ratio is 0.1. By increasing the dose of norepinephrine

this ratio reaches a maximum of 0.4. The ratio never reaches 1 which would

be indicative of a single pool of ATP contribution to cyclic AMP formation.

The finding that this ratio increases towards 1.0 with an increase of the

dose of norepinephrine, suggests that the radiolabeled pool of ATP is utilized

to a greater extent in the formation of cyclic AMP when there is greater cell

stimulation with norepinephrine. This increase in cell activity is reflected

by the stimulation of glycerol release from the fat cell, d) Insulin will

inhibit the dose response of the fat cells prelabeled and incubated for 7

days in vivo. Onset of this inhibition, however, is delayed for 3 minutes

before~"the effect of 10 |iU/ml of insulin is observed. This inhibition is

observed in the total cyclic AMP levels as well as the labeled cyclic AMP.

Cells incubated for varying times (1 minute intervals to 10 minutes) are

observed to produce cyclic AMP at a linear rate for the first 3 minutes

.

The rate than appears to level off from the fourth to the sixth minute and

then the levels of cyclic AMP decline. The rate of decline of cyclic AMP

after the addition of insulin is greater than the decline observed with nor-

epinephrine alone.

Significance to Biomedical Research and the Program of the Institute :

These results suggest that the ATP contributing to the formation of cyclic

AMP is not from a single pool. Since many hormones exert these actions on

receptor cells through a mechanism involving cyclic AMP, this research will

further elucidate the mechanism of hormone action on specific functions of

the cell.

Proposed Course of Project : Further studies will be planned to study

the specific pools of cyclic AMP that initiates the hormone included in

cellular response.
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Publications: Moskowitz, J., Harwood, J. P., Reid, W.D. and

Krishna, G.: Tlie interaction of norepinephrine
and prostaglandin E-j^ on the adanyl cyclase system

of human and rabbit blood platelets. Biochim.

Biophys. Acta 230: 279-285, 1971.

Krishna, G., Moskowitz, Dempsey, P. and

Brodle, B.B.: The effect of norepinephrine
and insulin on brown fat cell membrane potentials.
Life Sci. 9: 1353-1361, 1970.

Moskowitz, J., Harwood, J. P.

Rodger s, B. and Morrow, A.:
, Forn, J., Krishna, G.

The effect of norepi-
nephrine and prostaglandin E.. on adenosine 3',5'-

inonophosphate formation in isolated pericardial fat
cells of man. Nature, in press.
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PHS-NIH
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Project Title: Mechanism of Bromobenzene Toxicity

Previous Serial Number: None

Principal Investigators: Dr. Michel Eichelbaum
Dr. Gopal Krishna

Other Investigators:

Cooperating Unit:

Project Description:

Dr . Watson Reid

Dr. Eichelbaum holds a Geigy Fellowship

Objectives : Previous studies in this laboratory have shown that the
hepatotoxicity of bromobenzene is mediated through the binding of metabolites
with tissue macromolecules

.

The purposes of the studies carried out are: 1. to prove that covalent
binding to tissue macromolecules (probably proteins) occurs; 2. to study the
subcellular distribution of this irreversible binding; 3. to isolate the
proteins and determine their molecular weight, to which the metabolites of
bromobenzene are attached; and 4. to isolate and to elucidate the structure
of the metabolites and amino acids, which form this covalent linkage.

Methods Employed : Male Sprague Dawley rats weighing 160-250 grams were
pretreated on three successive days with phenobarbital (80 mg/kg) and injected
on the fourth day with 0.15 g or 0.9 g/kg of C -bromobenzene . Five hr later
the animals were killed, the liver removed and homogenized in Tris KCl buffer.
The 10,000 g pellet, the 105,000 g pellet (microsomes) and supernatant were
prepared by differential centrifugation.

After precipitation of the fractions with TCA and filtration, the residue
was stored for at least 24 hr in 40 volumes of methanol ether (3:1) at 4°C.
The precipitate was filtrated, the residue placed in an extraction thimble
and extracted for 48 hr with methanol and diethylether (3:1) at 60''C in a
soxhlet apparatus. The residue was divided into two parts.

One part was dissolved in 1/15M phosphate buffer of pH 7.4, containing
17o SDS and subjected to gel chromatography on Sephadex G-lOO [55 x 3 ]. The
other part of the residue was dried in a dessicator over drierite. The
resulting powder was then incubated in 0.2M phosphate buffer and 0.0015M
CaCl2 of pH 7.8 with pronase at 37 °C for 96 hr . For the separation of the
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amino acids - bromobenzene metabolite ligand ion exchange chromatography and

high voltage electrophoresis were used.

Maj or Findings : In experiments with livers from mice a striking differ-

ence between control and phenobarbital pretreated animals was found. The

amount of covalently bound material was 3-4 times higher in the phenobarbital

pretreated animals. This corresponds very well with the increase in the

extent of the liver necrosis produced by phenobarbital. The table shows the

covalent binding of bromobenzene to proteins in various subcellular fractions

of rat liver:

Bromobenzene Bound

Fraction

Nuclear and
Mitochondrial

Microsomal

nmoles/mg Protein

0.15 g/kg

(1 mmole/kg)
0.9 g/kg

(6 mmole/kg)

0.5 7.8

2.2 14.0

Cytosol 1.25 6.6

By far the highest concentration of bound material is observed in the micro-
somes. The protein fractions when chromatographed on a Sephadex G-lOO column
gave two protein peaks containing the radioactivity. One was a low molecular
weight protein of approximately 3,000. The material remaining in the protein
after the extraction procedure described above is bound covalently to the

proteins is based on the following facts: 1. The procedure used to prove co-

valent binding is same used by other authors to demonstrate covalent binding.

2. Aliquots of the protein hydrolysates were extracted at different pH's

(1, 6 and 12) with ether. No C activity could be extracted in ether.

Since all knovm metabolites of bromobenzene, namely (bromo) -phenol, dihydro-
diol, -catechol and -mercapturic acid, are extractable at these pH's in

ether, the metabolites of bromobenzene present in the protein may be bound

covalently to the amino acids. This view is further supported by the fact

that after drastic hydrolysis of aliquots of the protein with 6N HCl or

5N NaOH for 24 hr at 110°C, only 10-15% of the C-*-^ activity were extractable
in ether at pH 1.

The separation of the amino acids by high voltage electrophoresis was un-
successful, since the amounts of amino acids to be applied on the paper to

get measurable C activities \<!ere so great that the resolution of various
amino acids became very deficient. Using a ligand exchange chromatography
3 amino acid peaks containing C could be eluted. These peaks appear to

coincide with the cysteine, methionine and cysteic acid peaks.

Further studies to elucidate these radioactive amino acid peaks by mass
spectrometry and to isolate some specific proteins containing covalently
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linked bromobenzene are under progress

Significance
It has been propo
active metabolite
the liver . The i

bound to it lends

duces tissue lesi

an epoxide which
molecules in the

to Biomedical Research and the Program of the Institute ;

sed that bromobenzene causes hepatic necrosis through an
which then covalently binds to some macromolecules in

solation of a protein containing bromobenzene covalently
a strong support to the hypothesis that bromobenzene pro-

ons by formation of a highly reactive metabolite, probably
then combines with cysteine and methionine of some macro-
liver cell which ultimately leads to tissue necrosis.

Proposed Course of Project ; In order to investigate the mechanism by

which covalently linked bromobenzene to a macromolecule , it is necessary to

isolate and characterize a specialized protein in the macromolecile which

might play an important role in maintaining the integrity of the cell. This

type of .work would be extended to other drugs like phenylbutazone, diphenyl-

hydantoin which occasionally produces liver damage.
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Honors and Awards: None

Publications: None
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Project Title: A Simple and Sensitive Method for the

Measurement of Endogenous Cyclic AMP

Previous Serial Ntimber: None

Principal Investigator: Dr. Gopal Krishna
Dr. James P. Harwood
Dr. Jay Moskowitz

Other Investigators: Miss Ethel Boykins

Cooperating Units: Dr. Moskowitz is a Research Associate in the
Pharmacology-Toxicology Program, NIGMS

Project Description:

Objectives : The importance of adenosine 3' ,5 '-monophosphate (cyclic
AMP) in the mechanism of action of many hormones necessitates a simple and
sensitive assay for the cyclic nucleotide in small tissue samples. Many
methods for the assay of cyclic AMP are described in the literature which
have one or more of the following disadvantages - multistage enzymatic
conversions; preparation and purification of enzymes (e.g., phosphorylase
and phosphorylase kinase) ; large tissue sample required for assay and re-
quirement of extraction and concentration of the cyclic nucleotide; lack of
sensitivity; slow, time consuming procedures which limit the ntimber of assays
which can be performed in one day.

The radio immunoassay technique for the estimation of plasma insulin,
introduced by Berson and Yalow, has been adapted to the measurement of other
circulating polypeptide hormones. The availability of a protein which
specifically binds cyclic AMP enables the technique to be used for the
measurement of tissue cyclic AMP levels. Two such proteins are available;
protein kinase from skeletal or cardiac muscle, and a cyclic AMP antibody
prepared by injection of a cyclic AMP-protein conjugate. The method is based
upon competitive binding to the protein between radiolabeled cyclic AMP and
nonradioactive cyclic AMP. As cold cyclic AMP is added to the system (stan-
dards or sample) the binding of labeled cyclic AMP is reduced in proportion
to the amount added. The protein-cyclic AMP complex is passed over a
membrane filter, which is then washed and counted. From a standard curve.

SXo
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the amount of cyclic AMP in a sample is readily determined.

Methods Employed : Protein kinase was purified from beef muscle up to

and including the stage of chromatography on DEAE cellulose, as described

by Miyamoto, Kuo and Greengard (J. Biol. Chem. 244: 6395, 1969). Two

protein peaks are obtained from the column; the second peak was collected

and used for the assay. The inhibitor (a small protein in skeletal muscle

which inhibits protein kinase activity, but at the same time appears to in-

crease the affinity of the protein kinase for cyclic AMP) was prepared from

the same beef muscle by the method described by Appleman et^ al . (Arch. Bio-

chem. Biophys. 116 : 39, 1966). The assay is based on the procedure described

by Oilman (Proc. Nat. Acad. Sci. 6]_: 305, 1970). The tissue (usually a l ml

suspension of fat cells or platelets) was killed by the addition of 0.5 ml

of 10% trichloroacetic acid (TCA) . Following centrifugation, 0.2 ml aliquots

of the supernatant were extracted three times with 2.5 ml of water-saturated

ether. Any remaining ether was removed by placing in a warm water bath for

a few minutes. In the assay 10 yl of the ether-extracted supernatant or

standard was added to small disposable culture tubes. To these tubes were

added 20 yl of a mixture consisting of equal parts of 1) protein inhibitor

(1 mg/ml) , 2) 50 mM sodium acetate/acetic acid buffer pH 4.1, 3) labeled

^H-cyclic AMP (200 pmoles/5 x 10^ cpm in 1 ml), and 4) water. The reaction

was started by the addition of 20 yl of the protein kinase, and the reaction

allowed to proceed for not less than one hr at 0°C. After 1 hr, 1 ml of ice-

cold 20 mM potassium phosphate buffer (pH 6.0) was added and after 3 to 4 min,

the mixture carefully passed through a millipore filter. After washing with

10 ml of the same buffer (pH 6.0) the filter was dissolved in 1 ml of ethylene

glycol monomethyl ether, fluor added, and counted in a liquid scintillation

counter

.

5

Major Findings : 1) The standard curve was constructed using standards

ranging from 0.1 to 20.0 pmoles in 10 yl. When plotted on double logarithm

paper, a straight line was obtained. Standards in duplicate or triplicate

were run with each assay. 2) The sensitivity of the method is such that it

will measure cyclic AMP from 0.1 to 20.0 pmoles in a 10 yl sample. 3) The

assay can be performed on crude tissue extracts, thus avoiding the need for

prior isolation of the cyclic nucleotide. 4) The assay has been applied to

determine cyclic AMP concentrations directly in urine samples. Only 0.01 to

0.1 yl urine samples are required. 5) The assay is sufficiently rapid such

that an experiment involving the assay of 100 samples for cyclic AMP can be

completed in a regular day. 6) The assay has been applied to the measure-
ment of total cyclic AMP levels in fat cells, platelets, brain and urine.

In the experiments in platelets and fat cells simultaneous assays were

carried out for total cyclic AMP, using the above described binding assay,

and 3h cyclic AMP from T-rcliibelcd 3_atp obtained on preincubation of cells
3within H-adenine. In the case of fat cells and platelets there appears to

be a parallelism in the formation of % and total cyclic AMP.

Significance to Biomedical Research and the Program of the Institute ;

With the availability of a simple and sensitive method for cyclic AMP, it

should be possible to measured the formation of cyclic AMP in response to
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various hormones in a variety of cells. This method should enable us to

study the turnover of cyclic AMP in tissues under a variety of conditions.

Proposed Course to Project : With the availability of a simple and
sensitive assay for cyclic AMP in tissues, it should be possible to conduct
in vivo and in vitro experiments to measure the turnover of cyclic AMP in

various tissues. It is also proposed to use this method to study the

adenyl cyclase enzyme using various ATP analogues which are not hydrolyzed
by the ATPase.

Honors and Awards : None

Publications: None
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Project Description:

Objectives : To develop a method for the isolation of rat liver cells

and to utilize these cells in the study of drug metabolism. While a great
deal is known on the metabolism of tissue slices and microsomes, very little

is known of isolated liver cells in metabolism of various drugs. Isolated
liver cells may also serve in the study of mechanism of toxicity produced
by CI4, bromobenzene and other hepatotoxins

.

Methods Employed : The isolated cells were prepared by removing the

entire rat liver and perfusing it immediately through the portal vein
with Ca free HANKS solution containing 47o albumin equilibrated with
95/O.5/CO2. After the liver is free of blood cells the liver is perfused
with Ca free HANKS (4% Albumin) solution containing 0.1% collagenase
and hyaluronidase for 30 min 37 °C. The liver is then dispersed and incubated
for 15 more min in the HANKS buffer containing collagenase and by hyalu-
ronidase. The cells are then washed and isolated as described by Berry and

Friend (J. Cell. Biol. 43: 506, 1969).

Major Find ings : The isolated liver cells have been shown to metabolize
bromobenzene without any addition of cofactors . Though the cells metabolize
bromobenzene to a much smaller extent than isolated microsome preparations,
the cells can metabolize this compound at a linear rate up to 20 min. The

liver cells isolated from liver of rat pretreated with phenobarbital show

a greatly enhanced rate of metabolism of bromobenzene. The cells also can

metabolize ethylmorphine , but again the rate of metabolism is very low.

S13
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Significance to Biomedical Research and Program of the Institute ;

Recent observations suggest a variation in some metabolic properties of

individual cells according to concentration of cells. The rate of incorpora-

tion of amino acids into reticulocyte protein has been shovm to vary inverse-

ly with the concentration of cells in a suspension (Bhargava et^ al. , Biochem.

J. 73: 247, 1959). The preparation of liver cells isolate each cell from

itsTeighboring cell thus stopping intercellular dependence. The comparison

of data using the isolated cell to that of slices and perfused intact liver

will prove invaluable in assessing the metabolism of the liver.

A similar concentration effect has been observed with the respiration

of spermatozoa (Bishop and Salisbury, Amer . J. Physiol. 180 : 107, 1955).

This effect is not due to nutrient being the limiting factor and it is

possibly caused by intercellular reactions which may be related to growth
organization.

Proposed Course of Project : To develop an improved method of isolating

liver cells with minimal loss of ions and cellular components as well as a

survey of drug metabolism.

Honors and Awards: None

Publications: None
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o
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Other Investigators:

Cooperating Unit:

Project Description:

None

Dr. Mitchell is a Research Associate in
the Pharmacology-Toicicology Program, NIGMS

Objectives : Gastrointestinal ulcerations are produced by all anti-
inflammatory drugs. This liability is so great that the most effective
drugs such as indomethacin and phenylbutazone currently are restricted to

patients with advanced rheumatoid or osteoarthritis or to short-term treat-
ment of acute episodes of gouty arthritis.

Recently, the intestinal ulcerations produced by indomethacin in rats
and dogs were shown to be prevented by ligation of the common bile duct

.

This suggests that metabolism of indomethacin by the liver may be responsible
for the intestinal lesions . Since the parent indomethacin and not a metabo-
lite is the active anti-inflammatory agent, the possibility of preventing
indomethacin 's intestinal toxicity by altering its metabolism but without
decreasing its anti-inflammatory action has obvious clinical implications.
Accordingly, we have attempted to define the mechanism of indomethacin-in-
duced ulcerations of the intestine.

Methods Employed : An evaluation of the effects of piperonyl butoxide,
a compound known to inhibit many hepatic microsomal drug-metabolizing
enzymes, on ulcerations produced by indomethacin in adult male rats was
carried out. Similar experiments in rats pretreated with 3-methylchol-
anthrene, which increases the rate of metabolism of a number of drugs, were
done.

3
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Major Findings : Piperonyl butoxide (340 mg/kg, s.c, twice daily)

administered concomitantly with indoraethacin (4-12 mg/kg, s.c. daily) for

two days markedly decreased the number of intestinal ulcers and intestinal
perforations, 3-Methylcholanthrene moderately potentiated these toxic

effects of indoraethacin.

While less clear-cut, similar results were obtained when indoraethacin

was given intravenously (10-25 rag/kg) and the degree of ulceration examined
8 hr later.

These data support the concept that the intestinal toxicity of indo-
raethacin is mediated by an active metabolite. Because 3-methylcholanthrene
and piperonyl butoxide raay alter biliary excretion of indoraethacin (and

thereby change its toxicity) proof of this postulate awaits an evaluation of

these factors.

Significance to Bioraedical Research and the Program of the Institute :

If the intestinal ulcerations produced by indoraethacin are mediated through
an active metabolite, it should be possible clinically to prevent its toxicity
without decreasing its anti-inflammatory properties by inhibiting its metabo-
lism.

Proposed Course of Project : Studies will be continued to examine the

role of drug metabolism in ulcer formation with particular emphasis on those
factors which modify the toxic response.

Honors and Awards : None

Publications : None
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Project Title:

1. Chemical Pharmacology
2.

3. Bethesda, Maryland

PHS -NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Bromobenzene -Induced Hepatic Necrosis: Species
Differences and Protection by SKF 525-A.

Previous Serial Number: None

Principal Investigator: Dr. Jerry R. Mitchell

Other Investigators: Dr. Watson D. Reid
Dr. Jay Moskowitz
Dr. Gopal Krishna
Dr. Basil Christie

Cooperating Units; Drs. Jerry R. Mitchell and Jay Moskowitz are
Research Associates in the Pharmacology-Toxicology
Program, NIGMS

.

Project Description:

Objectives : Previous work by this laboratory demonstrated that pre-
treatment of rats with phenobarbital potentiates the hepatic necrosis pro-
duced by bromobenzene and a number of other chemically inert halogenated
aromatic hydrocarbons. It was postulated that the hepatotoxic effects of the
aromatic hydrocarbons result from chemically active metabolites, presumably
epoxides, formed in hepatocytes

.

The use of species differences in drug metabolism for elucidating
mechanisms of the pharmacologic and toxicologic action of many drugs is

well established. Accordingly, the relationship between bromobenzene -induced
liver necrosis and bromobenzene concentrations in plasma and liver of various
species was studied in an effort to clarify the role played by drug-metabo-
lizing enzymes in the hepatotoxicity produced by chemically inert organic
compounds. In addition, preliminary experiments were carried out to evaluate
the effects of SKF 525-A (diethylaminoethyl diphenylpropylacetate) , a com-
pound known to inhibit many hepatic microsomal drug-metabolizing enzjrmes, on
bromobenzene metabolism and liver necrosis.

Methods Employed ; Adult male mice, rabbits, hamsters and guinea pigs
were obtained from x^IH stock. Hens, toads, frogs, neonatal and adult Sprague-
Dawley rats and several strains of adult male mice (C 57/Blk 6, A/StC, DBA,

Balb/C, C3H) were obtained comniercially . All species were given various
doses of bromobenzene i.p. and killed 24 hr later. SKF 525-A (75 mg/Kg, i.p.)

was injected 1 hr before bromobenzene administration and at intervals of 8 hr

thereafter. Paraffin sections of liver were prepared and stained with
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periodic acid - Schiff reagent (PAS) to stain glycogen and with hematoxylin

to counter stain the nuclei. Concentrations of bromobenzene in liver and

plasma were assayed on a gas -liquid chromatograph equipped with a -'Ni

ionization detector.

Major Findings
;

Hepatic Necrosis after
Bromobenzene i ml/Kg i.p.

24 Hr Bromobenzeae Concentration
Plasma' (ug/ml) Liver (ug/g)

NTH Mouse
Rat
Rabbit
Hamster
Neonatal Rat
Hen
Toad
Frog
SKF 525-A-
Treated Rat

Extensive
Extensive
Moderate
Moderate
None
None
None
None

None

1.0 + 0.1 (4)
2.8 + 0.3 (7)

3.2

3.8
± 0.5

± 0.3
6.9 ± 1.1

(3)

(6)

(7)

14.4 + 0.5 (5)

18 + 4 (^)
26 + 3 (7)
35 + 12 (3)
42 + 9 (3)
89 + 24 (6)

214 + 39 (7)

151 + 34 C6)
1701 + 106 (6)

149 + 8 (5)

Those species which had the highest concentrations of bromobenzene in plasma
and liver showed no hepatic damage while those with the lowest concentrations
suffered extensive necrosis. Furthermore, blockade of metabolism by SKF 525-

A resulted in high concentrations of bromobenzene in plasma and liver yet
prevented the hepatic necrosis

.

These data demonstrate that bromobenzene itself does not produce cellu-
lar damage; a toxic metabolite, presumably bromobenzene epoxide, must be the
chemically active agent.

Significance to Biomedical Research and the Program of the Institute ;

These results clearly establish the crucial role played by hepatic microsomal
enzymes in activating some chemically inert compounds to highly reactive
metabolites which can form covalent linkages with tissue macromolecules and
thereby produce tissue lesions. A similar activation of many therapeutic
drugs to reactive forms which combine with tissue components to produce
tissue damage directly or to create drug-tissue antigens which lead to drug
allergy is highly probable.

Proposed Course of Project: Terminated

.

Honors and Awards : None

Publications: None
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1. Chemical Pharmacology
2.

3. Bethesda, Maryland

Project Title:

PHS -NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Mechanism of Dimethylbenzanthracene-Induced Bone

Marrow, Spleen, Testis and Gut Necrosis

Previous Serial Number: None

Principal Investigator: Dr. Jerry R. Mitchell
Dr . Amin Suria

Other Investigators;

Cooperating Units:

Dr. Bitten Stripp
Dr. David Jollow

Dr. Mitchell is a Research Associate in the

Pharmacology-Toxicology Program, NIG1*IS .

Project Description:

Objectives : In looking for other chemically inert compounds which

cause bone marrow injury in a reproducible, dose-response manner, we have

found a carcinogen dimethylbenzanthracene (DMBA) to be very potent after a

single intravenous injection. In addition to its bone marrow damage, DMBA

also produced tissue lesions in the spleen, testis and gut. A study has been

initiated to define the mechanism by which this chemically inert compound

causes tissue damage and to determine whether covalent bonding of DMBA to

tissue macromolecules is necessary for manifestation of toxicity.

Methods Employed : Rats or mice were injected i.v. with DMBA and

killed 5 hr later. Five min before death il-th3miidine (specifically labeled)

was given i.v. Liver, lung, bone marrow, spleen, gut and testes were removed,

homogenized and assayed for content of -^H-thymidine per ug of DNA, as a param-

eter of DNA synthesis. (Preliminary investigations demonstrated that this

parameter reliably reflected tissue damage seen histologically at later time
intervals). 7 ,8-Benzof lavone, which inhibits DMBA's metabolism in vitro

,

was given to some animals 1 hr before administration of DMBA.

In other experiments C-DMBA was given to mice and the above-mentioned
tissues were examined 5 hr later for chemical evidence of covalent bonding
of DMBA to tissue macromolecules. The influence of benzoflavone on this

covalent bonding of DMBA was also examined.

Major Findings : DMBA inhibited DNA synthesis in the bone marrow, spleen,

gut and testis by 807o but only by 257„ in the liver and lung. Furthermore,
DNA synthesis was also inhibited in the gut by 80% 24 hr later when necrosis
was seen histologically. However, neither inhibition of DNA synthesis nor

1
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necrosis were found in the liver 24 hr after administration of DMBA.

In contrast, the inhibition of DNA synthesis by DMBA was prevented in

the animals pretreated with benzof lavone

.

Other studies demonstrated covalent bonding of C-EfMBA to macromole-
cules in all tissues after i.v. administration. No bonding of DMBA to

tissue occurred when DMBA was added to tissue homogenates in vitro . Pre-
treatment with benzoflavone decreased the covalent bonding of DMBA to tissue
macromolecules by 60-80%.

Significance to Biomedical Research and the Program of the Institute ;

These data suggest that an active metabolite of DMBA, presumably DMBA
epoxide, is responsible for the tissue lesions and that covalent bonding of
the chemically active metabolite to tissue macromolecules may be the mechan-
ism mediating the damage. Since most therapeutic drugs also are chemically
inactive, these studies raise the possibility that a similar activation of
these agents by microsomal enzymes may explain how the drugs occasionally
produce tissue lesions in the liver, kidney, bone marrow or skin of patients.
In addition, the results could be of considerable importance in understanding
the mechanisms by which polycyclic aromatic hydrocarbons cause cancer.

Proposed Course of the Project ; Further delineation of the role of
microsomal enzymes in DMBA's toxicity and of the necessity of bonding of
DMBA to specific tissue macromolecules (DNA vs ENA vs protein) for mani-
festation of tissue damage.

Honors and Awards: None

Publications: None
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1. Chemical Pharmacology
2.

3. Bethesda, Maryland

PHS -NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Mechanisms of Drug-Induced Bone Marrow Damage

Previous Serial Number; None

Principal Investigator: Dr. Jerry R. Mitchell
Dr. James R. Gillette

Other Investigators: Dr. David Jollow
Dr. Nicola Zampaglione
Dr. Amin Suria

Cooperating Units: Drs. Jerry R. Mitchell and Nicola Zampaglione
are Research Associates in the Pharmacology-
Toxicology Program, NIGMS

.

Project Description:

Objectives : Bone marrow (BM) injury is one of the most serious com-

plications of drug therapy. Among currently marketed drugs, more than 80

are capable of causing some type of BM damage. In an effort to gain an

insight into the mechanisms by which drugs damage BM, we approached the

problem by beginning with a chemically inert compound, benzene, which causes

BM injury in a reproducible, dose-response manner.

Methods Employed : Although some reports suggest that benzene is

directly toxic to BM, most workers feel that benzene's toxicity is produced

by its phenolic metabolites. To evaluate these possibilities, benzene (0.5

to 1.5 ml/Kg, s.c), phenol (0.25 to 0.75 g/Kg, s.c), catechol and hydro-
quinone (each 25 to 75 mg/Kg, s.c.) were administered daily in divided doses

to adult male rats for one week. Aortic blood was obtained for a complete

blood count with differential, and both femurs were removed for a BM nucle-

ated cell count and for evaluation of BM nucleic acid and protein synthesis

by in vitro incorporation of -^H-thymidine and a ^C-amino acid mixture.

Major Findings : Rats receiving benzene (1 ml/Kg, s.c.) daily for 1

week developed aplastic anemia. In contrast, although the largest doses of

the phenolic metabolites killed approximately 50% of the rats, no hemato-

poietic toxicity was found. In additional studies, benzene was found to be

toxic only in high concentrations ( >500 ^g/ml) to BM cells cultured in

McCoy's media for 3 hr to 8 days. Also, piperonyl butoxide and phenobarbital

treatment protected against benzene-induced aplastic anemia. Preliminary

metabolism studies, however, indicated that these compounds alter the rate of

metabolism of benzene very little. Since chronic treatment with benzene is
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necessary to produce aplastic anemia, the effects of chronic benzene adininis-

tration (3 days) on the pattern of urinary metabolites of C-benzene was

examined. Chronic treatment with benzene resulted in the appearance of two

new metabolites, tentatively identified as phenyldihydrodiol and phenylmer-

capturic acid. Concomitant administration of phenobarbital or piperonyl

butoxide inhibited Che formation of these metabolites.

An attempt was made to expand the study to include the halogenated

benzenes. However, bromobenzene, o-dibromobenzene, £-dibromobenzene and

f luorobenzeoe failed to produce bone marrow damage.

In summary, it is concluded that benzene's metabolism by hepatic micro-

somal enzymes is requisite for its BM toxicity. Although identification of

the active metabolite has not as yet been completed, preliminary results
suggest that benzene itself may induce a new metabolic pathway which produces

a toxic metabolite, possibly an epoxide since dihydrodiol appears in the

urine.

Significance to Biomedical Research and the Program of the Institute ;

1. The finding that a compound fails to cause tissue damage after acute
adTiinistration but after chronic treatment induces a new metabolic pathway
which produces a toxic metabolite has immense biomedical significance. If
this phenomenon is found with other drugs, the many failures to define the
mechanism of drug-induced tissue lesions after acute administration of the

drugs may be explained. 2. The data also indicate that there may be more
than one biochemical pathway by which phenols are formed by the liver, a
finding of considerable biochemical interest for drug metabolism research.

Proposed Course of Project : 1. Identification of the active metabolite
of benzene responsible for BM injury. 2. Evaluation of the possible role of
self-induction of toxic pathways of metabolism for other drugs after chronic
administration. 3. Delineation of the number of enzymic pathways involved in
the metabolism of aromatic drugs to phenols and clarification of the relative
role played by each pathway in producing tissue damage.

Honors and Awards: Invited Speaker, National Academy of Sciences Drug
Research Council.

Publications: None
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1. Chemical Pharmacology
2.

3. Bethesda, Maryland

Project Title;

PHS -NIH

Individual Project Report

July 1, 1970 through June 30, 1971

Studies on the Hepatotoxicity of Halogenated Aryl

Hydrocarbons. 2. Effect of Phanobarbital and

3-Methylcholanthrene Induction on the Hepatotoxic-

ity and the Pattern of Metabolism of Broraobenzene

Previous Serial Number: None

Principal Investigators: Dr. David Jollow
Dr. Nicola Zampaglione

Other Investigators:

Cooperating Units:

Dr . Maynard Hamrick
Dr . Bitten Stripp
Dr. James R. Gillette

Drs. Maynard Hamrick and Nicola Zampaglione are

Research Associates in the Pharmacology-Toxicology

Program, NIGMS

Project Description:

Objectives : Treatment of rats with phenobarbital and 3-methylcholan-

threne is known to cause induction of a wide variety of microsomal enzymes

in the liver. The hepatotoxicity of bromobenzene in rats is enhanced by

phenobarbital and decreased by 3-methylcholanthrene pretreatment . Since

the hepatotoxicity is believed to be due to an intermediate in bromobenzene

metabolism (bromobenzene epoxide) studies were undertaken to determine

whether induction by these agents caused differences in the pattern of

bromobenzene metabolism.

Methods Employed : 1. Biological half -life of bromobenzene. Bromo-

benzene was administered intraperitoneally in the dose levels used for the

toxicology experiments (normal and 3 MC induced rats received 1 ml/Kg in

sesame oil, Pb induced rats received 0.15 ml/Kg in sesame oil), and the

plasma levels of bromobenzene were determined. When the plasma levels were

maximal, carrier-free C -bromobenzene were injected i.v. and the decay of

label followed. The half -life was determined for the whole animal, plasma,

liver, brain, muscle and epididymal fat pad. 2. Urinary Metabolic Profile.

Bromobenzene (2 ]j,c , 0.2 ml/ml sesame oil/200 g rat) was injected i.p. and

the urine was collected at 3, 6, 12, 24 and 48 hr . The urinary metabolic
profile was determined, after a glucuronidase and sulphatase digestion, by

thin layer chromatography

.
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Maj or Findings: 1. In untreated rats the biological half -life of i v.

administered ^^C-bromobenzene was 11 min. The major metabolites obtained

48 hr after administration were broir.ophenyl mercapturic acid (58%) and

bromophenol (257o) . Bromocatechol (101) and bromobenzenedihydrodiol (8%)

were minor metabolites. 2. Phenobarbital pretreatment of rats caused an

increase in rate of -^^C-bromobenzene metabolism (biological half -life,

7 min) but no significant alteration in the urinary metabolite profile.

3. 3-Methylcholanthrene caused no induction of metabolism compared with

the untreated rat but did alter the urinary metabolite profile; bromo-

benzenedihydrodiol becoming a major metabolite at the expense of the mer-

capturic acid and bromophenol. Data on urinary metabolites obtained at

shorter time points (3 and 6 hr) suggested a larger output of the diol.

4. These data raise the possibility that the protection from bromobenzene

hepatotoxicity afforded by 3-methylcholanthrene is not due to inhibition of

metabolism but may be due to increased utilization of the epoxide inter-

mediate by increased hydrase activity in the liver cell.

Significance to Biomedical Research and the Program of the Institute ;

These studies emphasize that a variety of factors in drug metabolism may

influence the toxic manifestations of drug therapy and that these factors

may be influenced by prior exposure to drugs or other environmental
conditions

.

Proposed Course of Project ; Studies on the mechanism of bromobenzene
metabolism will be continued with emphasis on the variety of metabolic path-

ways and the factors influencing the distribution of the epoxide inter-
mediate into these pathways

.

Honors and Awards: None

Publications: None
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1. CheTtiical Pharmacology
2.

3. Bethesda, Maryland

Project Title:

PHS -NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Studies on the Hepatotoxicity of Halogenated Aryl
Hydrocarbons. 1. Studies on the Relationship of

Glutathione to the Hepatotoxicity of Bromobenzene

Previous Serial Number;

Principal Investigators;

None

Dr. David JoHow
Dr. James R. Gillette

Other Investigators:

Cooperating Units:

Project Description:

None

None

Objectives : Induction of metabolism by pretreatment of rats with

phenobarbital potentiates bromobenzene toxicity, while simultaneous

administration of bromobenzene with SKF 525-A, an inhibitor of metabolism,

blocks toxicity. Consideration of the nature of the urinary metabolites has

led to the postulation of bromobenzene epoxide as an intermediate in the

metabolic pathway. The epoxide intermediate could act as an arylating agent

for cellular macromolecules , resulting in alteration in their cellular

function and ultimately cell death. In vitro studies have established that

isolated liver cell fractions catalyze the conjugation of reduced glutathione

(GSH) with aryl epoxides. The concept of the aryl epoxide as the hepatotoxin

indicates that liver GSH should oppose the toxic effect in vivo and that

hepatotoxicity should occur only after depletion of GSH from the liver cell.

The present studies were undertaken to answer two questions: 1. Does

ad.miuistration of bromobenzene cause depletion of liver GSH levels; and 2.

Does pretreatment of rats with agents known to change the degree of

hepatotoxicity cause similar change in GSH depletion from the liver.

Methods Employed :

were employed.
Standard biochemical and pharmacological techniques

Major Findings ; 1. Bromobenzene administration (1 ml/Kg, i.p.) to a

normal rat caused a rapid and extensive loss of liver glutathione. Liver

glutathione levels reached a nadir of about 20% of the initial level, 220-

240 min after intraperitoneal injection. The half-life of glutathione dis-

appearance in the normal rat was found to be 60 ± 8 min. The loss of

glutathione was not due to conversion to the oxidized form but represented

a net loss of glutathione from the hepatocytes . 2. Pretreatment of rats
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with phenobarbital dramatically potentiated the hepatotoxicity of bromo-

benzene (0.15 ml/Kg, i.p.) and caused an equally dramatic decrease in the

half-life of GSH disappearance (< 25 ir.in) . Coniparison of glutathione dis-

appearance with plasma bromobenzene levels suggested that the rate limiting

step in glutathione disappearance was the uptake of bromobenzene from the

peritoneal cavity. 3. After depiction of glutathione the level in the liver

cells remains low for 5-16 hr and then increases. Elevation of cellular

glutathione only becomes marked when liver bromobenzene levels drop

significantly. Liver G3K levels 24-48 hr after bromobenzene administration
arc sigoigicantly elevated (ca 200%) compared with the levels before bromo-

benzene administration. The rise in liver GSH occurs irrespective of the

degree of centrolobular necrosis in the liver. 4. Simultaneous administra-
tion of SKF 525-A, which is known to decrease the rate of metabolism of

bromobenzene and to protect from the hepatotoxicity, significantly slows

depletion (T 1/2 100 min) . 5. Dose response studies for glutathione dis-

appearance after bromobenzene administration revealed that the dose of bromo-

benzene necessary to cause a 507„ depletion of liver GSH is very much smaller
lO-lS'/o) than the dose necessary to cause centrolobular necrosis in the liver.

Concliisions

;

1. The observed rapid depletion of GSH from the liver of

normal rats treated with bromobenzene, the enhanced depletion of glutathione
accompanying enhanced toxicity in phenobarbital pretreated rats, and the

decreased rate of depletion accompanying protection by SKF 525-A, offers
support for the postulated role of aryl epoxides as the toxic agent on
administration of halogenated aryl hydrocarbons.

Significance to Biomedical Research and the Program of the Institute :

The present studies are aimed at an understanding of the mechanism of drug-
induced toxicity and at the factors which are concerned in the protection of
the organism from the toxic effects. Such information is essential for
design of drugs with minimal untoward effects.

Proposed Course Project : Studies will be continued to explore the
relationship between glutathione depletion and bromobenzene hepatotoxicity.

Honors and Awards: None

Publications: None
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ANNUM. REPORT OF THE

ENDOCRINOLOGY BRMCH
NATIONAL HEART AND LUNG INSTITUTE
July 1, 1970 through June 30, 1971

The activities of the Endocrinology Branch have been concerned with four

maj or areas

:

A. Studies of calcium and phosphorus metabolism ; The physical chemistry
of the mineral phases of bone and of renal stones, with reference to factors
controlling crystal formation and dissolution; studies of hormonal and other
factors controlling bone formation and dissolution in vivo, and studies of para-
thyroid function in health and disease.

B. Studies of adrenal cortical function with special reference to bio-
genetic and phvslologic control mechanisms and to hormonal aspects of hyper-
tension.

C. Studies of renal function with especial reference to factors controlling
sodium excretion and edema formation.

D. Studies of the properties of hormonal and other peptides ; The chemi-
cal, physical and immunologic properties of the peptide hormones, parathyroid
hormone and thyrocalcitonin, and of the protein moiety of very-low-density
lipoprotein.

A. Studies of calcium and phosphorus metabolism .

1. Interactions of hormones at air-water interface - a model of hormone-
membrane interaction? The studies of the effects of hormones at an air/mono-
octadecyl phosphate-monolayer/water interface showed that in addition to thyro-
calcitonin (which blocks uptake of Ca^"*" by the monolayer) , insulin and vaso-
pressin have the same effect and also facilitate evaporation of water through
the monolayer. In contrast, parathyroid hormone had little effect, and prosta-
glandin Ej^ had none.

2. Ionic effects on bone crystal and on composition of the hydration shell .

Kinetics of ^^Ca behavior were used to examine exchange of ions with hydration
shell and crystal, both of bone and of synthetic calcium phosphates. Pyrophos-
phate, thought to inhibit calcification, was shown to inhibit precipitation of
brushite (CaHPO^- 2H2O) ; fluoride, thought to inhibit bone resorption, was shown
to reduce the concentration of Ca2+ and VOe^^~ in the hydration shell. These
and other effects are beine studied with bone mineral from patients with meta-
bolic and unexplained bone disease.

3. The pathogenesis of calcium-containing renal stones . Precipitation of
brushite (CaHP04'2H20) shown to control the formation of stones on an organic
or crystal matrix by incubating urine specimens with brushite or collagen. The
activity product of Ca2+ by HPO^Z- as measured needed only to exceed that for
the solubility of brushite for stones to form or grow. Further, the same acti-
vity product was shown to control precipitation of brushite stones de novo ; this
required a product about three-fold that for growth on a nidus; precipitation
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always becjan by removal of Ca"^"^ and irPO^ in a one-to-onf? ratio, and the solid

phase began as brushite. Since stone-forniins natients reauired no lower a prod-

uct for crystal formation than normals, it Is concluded that inhibitors of cal-

cification nrobablv play little part in "protectlne" these normals against stone

formation.

These indices of a given patient's stone-forming tendencv (on a nidus, as

an activity product ratio , or de novo as a formation-product ratio) provided

a logical basis for evaluation of treatment. Cellulose phosphate was then

shown to lov/er the activity product ratio, and sodium phosphate to raise it.

The sodium phosphate also increased the formation product ratio, possibly by

increasing the pyrophosphate content of urine.

4. Effects of thyrocalcitonin . Thyrocalcitonin (TC) was shown to Increase

phosphorus clearance in thvroparathyroidectomized dogs but not in normal dogs;

this effect was attributed to stimulation of parathyroid secretion.

TC was studied in the treatment of Paget 's disease (in which it increased
calcium excretion, nossiblv by increasing parathyroid activity), and in osteo-
porosis (where it had a similar effect)

.

A refined diagnostic tool was perfected to provide rapid measurement of

calcium absorption bv comparison of bone uptake of Ca after an oral dose with
that after the same dose given intravenously. It was thus shown that TC in-

creases calcium absorption bv the gut in patients with hypoparathyroidism:
possibly a primary effect,

5. Metabolic bone disease. Repeated calcium infusions in man were further
explored for therapeutic effects in patients with idiopathic osteoporosis. As
with the earlier studies, some patients ("responders") showed prolonged positive
calcium balance and relief of symptoms, whereas some C'non-responders") returned
to negative calcium balance after a course of infusions. Calcium infusion
given with TC was in no case more effective than calcium infusion alone. In
the non-responders, the hormonal effects of calcium infusion were explored in
detail. In the normal, an infusion of calcium produces (1) a decrease of plasma
parathyroid hormone, (2) an increase in plasma TC. (It may be that these two
changes are primarily responsible for the improvement in "responders".) (3) a
decrease in urinarv cyclic AMP and (A) hydroxyproline, and (5) a rise in urinary
phosphorus followed by (6) a fall in urinary phosphorus. Changes 1, 3, 4 and 6

occur only when parathyroid secretion is decreased and remains low for 24 hours:
they do not occur in hypoparathyroidism or hyperparathyroidism. Recent studies
show that "non-responders" among osteoporotics include many subiects whose para-
thyroid function is "autonomous" vis-a-vis calcium infusion, in that changes 1,
3, 4 and 6 do not occur or are transient. Parathyroid adenoma or hyperplasia
has thus been uncovered. To date, twenty patients with the svndrome of normo-
calcemic primary hyperparathyroidism have been studied and treated surgically -

patients v/hose presenting sign was either such "autonomous" response to calcium
infusion, nephrolithiasis, or both. The new test for absorption of calcium
provided the first demonstration that parathyroid hormone increases calcium
transport in vivo.

The effect of diuretics on urinary calcium and calcium balance was
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re-explored. Thiazide decreased urinarv calcium in normal subiects but not in

patients with hypoparathyroidism: this suggests an action through the parathy-

roids. Furosemide had no such effect.

It was found that acidosis increases urinarv calcium by decreasing tubular

reabsorption, and that alkalosis decreases it. Gastrointestinal absorption of

calcium increases with acidosis but this effect may be secondary to an increase

in parathyroid hormone secretion, depending in turn on the increased urinan/
calcium loss. Sodium chloride loading markedly increased urinary calcium and

also enhanced gastrointestinal absorption of calcium: the mechanism may be the

same as that described for acidosis.

The Vitamin D metabolite, 25 hydroxycholecalciferol, was further studied.

Two of three patients xd.th resistant rickets showed prompt therapeutic response

with rise of serum phosphorus. However, one of three patients with resistant

rickets and one patient with hypoparathyroidism showed clear resistance to the

metabolite. The last patient had renal failure; the results are thus consistent

with the view that a further metabolite (? 1, 25 di-hydroxycholecalciferol)

,

formed in the kidney, is necessary for the full action of Vitamin D. The svn-
drome of idiopathic hypercalcemia of childhood and infancy vras studied to see

whether TC deficiency was in part responsible for the hypercalcemia. In child-

ren recovered from the severe infantile form, no residual hormonal defect was
uncovered. Parathyroid function was explored in five patients with cystic fi-

brosis of the pancreas, in whom the bones show a disease resembling osteoporosis.
It was found that a state of hyperparathyroidism, "autonomous" vis-a-vis induced
hypercalcemia, X'/as present in all five; this could be ultimately secondary to

malabsorption of calcium.

Current studies in the pathogenesis of metabolic bone disease include
studies of the collagen of bone and skin. The solubility of collagen and its
extent of hydroxylation vras measured in normal bone and skin and compared to

that in patients with osteoporosis studied before treatment and again after a

course of calcium infusions. Results suggest that osteoporosis is characterized
by an increased solubility and inadequate hydroxylation of collagen; in three
patients studied thus far the results after treatment suggest that the collagen
of bone may show maturation as measured by both these indices. The treatment
of patients with penicillamine provides a "model" for the effect of oenicillamine
and other lathyrogens in reducing cross-linkage of collagen. Patients requiring
penicillamine for the treatment of cystinuria are subiected to skin biopsy for
measurement of collagen chemistry and then again after treatment with estrogens.

The development of radioimmunoassay for parathyroid hormone is underway.
A successful radioimmunoassay for thyroid stimulating hormone has been perfected
and the results used to demonstrate the effectiveness of thyrotropin releasing
factor in patients ^Tith pituitary dwarfism.

B. Studies of adrenal function with special reference to biogenetic and physio-
control mechanisms and to the hormonal aspects of hypertension. Control of
steroid biosynthesis .

Prostaglandins (PGEi, PGF2C<) are released from the adrenal gland upon
stimulation by ACTH according to reports by Shaw and Ramwell. In an attempt
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to define their effects on adrenal steroidogenesis, prostaglandins (PGEj^, PGE2,

PG/^, and ?GT2*^) hsc/e been infused into an isolated adrenal (Hilton pouch) prep-

aration from a previously hyoophysectomized dog. The timed, adrenal venous ef-

fluent is being analyzed for steroids in the biogenetic nathwavs leading to

Cortisol and to aldosterone.

GPA 2282, (3 methyl-2-(3-r)vrldvl) indole) (Geigy) has been shown in

animal preparations to block the production of aldosterone and to promote an

increase in the production of 11 desoxycorticosterone. Thus, it was considered

a candidate for trial in the medical treatment of aldosteronism. The results

to date show that (1) in a patient with primary aldosteronism treated for 44

days with the drug, aldosterone nroduction fell to one-half its initial values,

but not to normal. There was no effect on blood pressure during this period

and no changes in sodium ^ potassium or magnesium balance. (2) In a second

patient with the secondary aldosteronism of Bartter's syndrome, there was no

change in any of these variables, including aldosterone, on treatment with this

drug.

Studies with an inhibitor (AminoBlutethimide) that blocks the conversion
of cholesterol to fl 5 pregnenolone in the biogenetic pathway were performed in
two sisters with hypertension tvnlcal of that of "steroid"origin but without
demonstrable increased steroiH production. Eight days of treatment produced
a slight fall In the aldosterone secretion rates, but effected no change in
the blood pressure, serum potassium or sodium and potassium balances. Studies
with metopirone (SU-4885) (an ll^hvdroxylase inhibitor) in these same patients
caused a fall in aldosterone secretion rate but an increase in cortlcosterone
secretion rate. 'Tien ACT!^~suppressive doses of dexamethasone were imposed on
this regimen, the direction of the production rates of these two steroids re-
versed: aldosterone secretion rose and cortlcosterone secretion fell. Since
plasma renin activity was extremely low at all times throughout this study, a
factor other than ACTH or the renin-angiotensin system seems to be effective
in stimulating steroidogenesis at a step in the pathway below cortlcosterone.

Hormonal aspects of hypertension .

The role of steroids in the pathogenisis of hypertension has been studied
in several groups of patients, namely:

(a) Patients with hypertension, hypokalemia, and aldosteronism.

Twentv-one patients v;ith hypertension were subiected to a diagnostic test
for primary aldosteronism. This consists of measuring blood pressure, serum
notassium, aldosterone secretion rates and plasma renin activities on low (9
mEa a dav) and high (249 mEq a dav) sodium intakes. A fall in serim potassium
below 3.5 mEa/1 on the hlrrh salt intake with continued high aldosterone and
suppressed renin are the criteria for primary aldosteronism. Of the twenty-one
patients tested, only two had primary aldosteronism, one of which had one hyper-
plastic adrenal removed and the other is being treated medically to reduce her
hypertension.

Various factors and disease states were involved in the production of the
hypertension, hypokalemia, and aldosteronism or high plasma renin in the other



patients. These include contraceptives, hypothyroidism, and oolycystic kidneys.

Four of the natients studied are considered to have essential hytJertension.

Four patients with proven hyperparathyroidism and hypertension have been

studied to evaluate their aldosterone-renin-angiotensin svstem. Of these one

was proven to have primary aldosteronism, one has normal aldosterone secretion

and nlasma renin, one has hieh aldosterone secretion with normal plasma renin,

and the forth has high aldosterone with high renin. Thus, the status of the

aldosterone-renin-angiotensin svstem in the hypertension of hyperparathyroidism

showed no consistent oattem.

The circadian aspects of blood pressure are being studied in normal sub-

jects and in patients with hypertension, on and off medication. All multiple

daily blood pressure measurements are being subjected to computer analysis.

Preliminary data sunport the concept that there is a circadian rhythm in the

blood pressure of all patients with hypertension, with an early morning low and

a peak between 4 and 8 pm. To further clarify this concept, all new patients

with hypertension are attached to a non-invasive blood pressure measuring instru-

ment which records blood pressure every thirty minutes for a period of A8 to

72 hours. These data, and self-measurement data taken at home at frequent

intervals are being analyzed for periodic parameters, to wit, phase, amplitude

and period.

An even more intensive study in circadian periodicity is being conducted

to evaluate the circadian aspects of other variables and to attempt to establish

causal relationships. Patients with hvpertenslon are studied on metabolic

balance for thlrtv davs during which time measurements made every three hours
Include blood pressure, mood changes, salivary Na, K and steroids, and urinary
Na, K, Ca, P, Mg, 17-hydroxysteroids , 17-ketosterolds and aldosterone. Aldo-
sterone secretion rate and plasma renin activity were also measured as periodic
functions. To elicit phase shifts in these variables, the patient's wake-sleep
pattern is reversed in the middle of the study.

(b) Patients without hypertension, but with hypokalemia, aldosteronism
and elevated plasma renin activity (Bartter's syndrome).

In patients with Bartter's syndrome, two studies were performed to test
the autonomy of the aldosterone and renin productions and to attempt to define
the pathogenesis of this syndrome.

Three patients were given a Na load of 400 mEq a day and, at a separate
time, 100 grams of albumin, to expand their ECF and IVF volumes, respectively.
Although the ASR decreased, it did not achieve normal values, and the patients
were hyporesponsive to angiotensin infusions at this time, \-fhen a vasopressor
agent was given for a prolonged period, the blood pressure increased and the
plasma renin activitv fell, but not to normal values. Thus, these studies
provide evidence against a major role for Na-depletlon or hypovolemia in the
pathogenesis of this syndrome. They also support the concept of unexplained
vascular hyporesponsiveness to angiotensin II infusions as a continuing stimu-
lus to excessive renin and aldosterone production.

(c) Patients with aldosteronism, high plasma renin activities and subacute

set
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necrotizing encenhalorathv.

Elevated renin anci aldosterone secretion rates have been found in four

natients with the svndrome of "onhthalmonlefTla nlus" (elfEvaten ccrebrosninai

fluid nrotein, nropressive external onhthalmoplegia and n-Jprnentarv defeneration

of the retina). A] 1 natients manifested hvnokaleTTi.la: two had hvnomaenesemla

as well. Aldactone ^iven to one patient corrected the hvnokalemia but had no

effect on the hvno"iaf;neseF'ia. Autonsv in one of the natients revealed subacute

necrotizing encenhalonathv, hvpernlasia of the iuxtaglomerular annaratus and

nodular hyperplasia of the zona elomerulosa of the adrenal pland.

C. Studies of renal function.

Factors controllinp tubular reahsorntion of sodium were nursued in physio-

logical and clinical studies. Alpha adrenergic stimuli were shown to increase

reabsorntion of sodium nroximallv, as reflected in a decrease of urinary volume

and free water clearance during water diuresis. Beta-adrenergic stimulation

had the opposite effects; these were thought to be mediated bv cvclic A>TP,

since dibutvrvl cyclic AMP has effects very similar to those of beta-adrenergic
stimulation.

Studies of the effects of nrostaglandlns on sodium transport have shown

an increase In sodium excretion in response to several classes of these agents,

an effect mediated at least partially by a decrease in proximal tubular sodium
reabsorptlon, as suggested bv increases in urinary volume, free water clearance
and sodium excretion in water-loaded does. Studies of various other indices
of renal function, including urinarv excretion of cyclic AMP, are underway.

The effect of vena cava constriction on sodium excretion and on the renal
blood flow was studied bv clearance techniaues and by kinetics of radioactive
Xenon given into the renal arterv, \«Jhereas sodium excretion decreased markedly
with constriction, there was no statistically significant shift of renal blood
flow from superficial to deeper glomeruli. The natrluresls of fasting and its
reversal by carbohydrate was further studied. \?bereas it was confirmed that
organic aciduria (and anion "drag") always accompanied the phenomenon, early
results suggest that reversal by carbohydrate may take place locally in renal
cells.

In fourteen patients with idiopathic edema it was shown that all had sub-
normal plasma volume and most had hvpo-albuminemla as well. The proximate cause
was a low rate of synthesis or a high rate of destruction of albumin or both.
Physiologic consequences of the low plasma volume, resulting in edema, were
shown to include increased secretion of catecholamines, increased plasma renin
with exaggerated response to the upright posture, and increased aldosterone
secretion. Fith aldosterone antagonists, despite very high sodium intake, the
patients lost much more weight and sodium (p<0.ni for both) than normals.

^- Studies of the properties of hormonal and other peptides .

The complete primary structure of bovine parathyroid hormone was elucidated
for the first time. The hormone was shown to consist of 8A amino acids in a
single non-cross-linked chain with N-termlnal alanine and carboxyl-terminal
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glutatnlne. The secondary structure of bovine narathvroid hormone was investi-

gated bv circular dichroism, optical rotatory disnersion and infrared spectro-

scopv: tertiary interactions of the hormone were assessed bv the fluorescence

and near-ultraviolet circular dichroism of the aromatic amino acids. From the

circular dichroism in aqueous solution, in 6M suanidine, and in 2 chloroethanol,

it was found that bovine oarathvroid hormone contains 10 to 15% alnha helical

structure in aqueous solution, reduced to random coil in guanidine , and increased

to 50% helix in 2 chloroethanol. Studies of tertiary structure susgest a con-

formational association between tvrosine and trvptophan residues in the mole-

cule.

Similar studies of secondarv and tertiarv structure were applied to sal-

mon thvrocalcitonin. Thev revealed a peptide chain dominant Iv in random coil, | ip

with one to two turns of helix in aqueous solution, changine to random coil in

6M guanidlne, and to 25 to 30% helix in 2 chloroethanol. Studies of the ter-

tiarv structure of salmon calcitonin suggest that the tyrosine residue has re-

stricted rotational freedom, but is completelv accessible to solvent. Since

these properties of salmon calcitonin closely resemble those of bovine thvro-

calcitonin, porcine thvrocalcitonin, and human thvrocalcitonin, the greatly

enhanced activitv of salmon as opposed to the other calcitonins probably re-

sides in the difference in amino acid sequence rather than in the conformation

of the molecule as a whole.

In studies of the immunoreactivity of porcine thyrocalcitonin, it was

found that antibodv to the whole molecule showed no cross-reactivitv with the

end terminal 9 amino acids of the molecule, but a high degree of immunological

reactivity with the carboxvl terminal 23 amino acids. In view of the marked

differences in the structure of this lO-to-32-amino acid pentide and the cor-

responding region of human or salmon thvrocalcitonin, it is not surprising that

there was little immunologic cross reactivity of norcine antibodv with human
or salmon thvrocalcitonin.

\

Studies were begun on the primary, secondarv and tertiarv structure of a

carboxvl terminal alanine peptide derived from verv-low-densitv-linoprotein
(VLDL) particle. Fragments of the peptide obtained by enzvmatic and chemical
cleavage were analvzed for amino acid sequence, and a nrovisional structure of

the neptide was established. In studies of the secondarv and tertiarv struc-
ture, it was found that the pentide has a 10 to 15% helical structure in aque-
ous solution, changed to random coll structure in 6 M guanidine, and Increasing
to 80 to 90% of alpha helix in 2 chloroethanol. Studies of tertiary structure
suggest that the tvrosine and trvptophan molecules are in close nroximity in

the sequence. It mav be that the structure of the VLDL-nroteln-nentide attains
considerablv more helical structure when it interacts with its normal lipid
raoletv.
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Serial No. NHLI-223(c)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the control of calcium absorption: Effect of sodium

chloride loading and depletion.

Previous Serial Number: None.

Principal Investigators: Transbol, I., M.D. , Meyer, W.J., M.D. and Middler,
S., M.D.

Project Description:

Objectives:

The study was designed to determine the effect of salt loading and salt
depletion on urinary and serum calcium, phosphorus, and magnesium and the

gastrointestinal absorption of calcium.

Methods Employed:

Normal volunteers and patients being evaluated for primary aldosteronism
are admitted to the Clinical Center and placed on a strict metabolic balance
of sodium, potassium, calcium, phosphorus and magnesium. The total calcium
Intake for each day of the study is 800 mg. Two sodltnn Intakes of 12 days
each were utilized; 249 mEq and 9 mEq. Blood, urine and stool are analyzed
for calcium, phosphorus, magnesium, sodium and potassium. Calcium absorption
from the gastrointestinal tract is determined by arm counting after the admini-
stration of an oral dose of radioactive calcium.

Major Findings:

Preliminary results on 7 patients and 2 normals are available. The table
shows the average calcium excretion for the last four days on each salt Intake
£.nd the calcium absorption for each salt Intake.
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NHLI-223(c)

9 mEq diet 240 mEq_ Diet
24 hr. ur ine 24 hr. urine

Patienl Diagnosis Ca mg. % abs. Ca mg. % abs.

G.P. Normal 82 39 168 48

R.W. Normal 36 31 64 30

J.K. Periodic par. 105 43 131 50

D.B. Nephrocal. 114 37 321 44

E.M. H3noertension 141 38 120 52

H.Z. H3rpokalemia

M3rxedema
54 40 42 43

J.E. J.G. Hyper. 52 43 42 54

W.G. Hypoparathy. 323 57 355 68

M.G. Primary aldo. 45 58

In the seven studies where balance data are now complete there is no
effect on calcium balance.

Publications

:

None.
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Serial No. NHLI-224(c)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Evaluation of secondary hjrpothyroidIsm with synthetic thyro-
tropin releasing factor (TRF)

.

Previous Serial Number: None.

Principal Investigators: Meyer, W.J., M.D. , and Bartter, F.C., M.D,

Other Investigators: Smith, H.

Cooperating Units: Gulllemln, R. , M.D., Salk Institute, San Diego, California,
and Murad, F. , M.D., University of Virginia, Charlottesville.

Project Description:

Obj ectlves

:

S3mthetlc TRF has been shown to release TSH from the anterior pituitary
In normal human beings. In those patients with secondary hypothyroidism,
hypothyroid patients with TSH-responslve thyroid glands, TRF may be a useful
tool to further understanding of their disease and possibly for treatment of

their disease.

Methods Employed:

Patients with secondary hypothyroidism are admitted to the Clinical Center
three weeks after stopping exogenous thyroid medication. The patients are
given Intravenously 0.75 mg of synthetic TRF made by Dr. Roger Gulllemln and
Dr. Roger Burgus. RAI uptake is measured the week before receiving the TRF
and the day after. PBI and thyroxine levels are measured the day before and
for two days after receiving TRF. At the time TRF is given, plasma TSH is

measured at the following times: control, zero time, 10 mln., 20 min. , 30 min.,
40 min., 60 min., 90 mln., and 120 min. TSH values are determined by radio-
immunoassay. For the three-hour period during which the TRF experiment is

taking place a urine is collected for cyclic AMP content and compared to a

control period urine. Normal volunteers have also been given TRF in order to
establish a basis of comparison for the patients.

Major Findings:

Ten patients with secondary hypothyroidism and five normals (one twice)
have now received TRF. There have been no side effects noted except a previous-
ly reported transient nausea period immediately after receiving TRF in about
50% of the subjects. The following data are now available:
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NHLI-224(c)

RAI
2A hr. thyroxine Baseline Peak Peak

Patient Diagnosis bef . , af t

.

bef. , aft. TSH uU/ml TSH Time mln.

B.C. Normal 3.8, A.O

G.P. Normal 3.9, A.

A

J.S. Normal 3.1, A.O

R.W. Normal 3. A, A.

3

22.1 36.8 30

R.W. Normal 3.8, A.l

V.S. Normal 3.3, A.

2

36.5 110.8 20

L.M. Hypothalamic 7.5,6.1 2.9, 2.8 100. 320 30

N.S. Hypothyroid 7.1,15.2 1.8, 2.

A

56.6 91.7 20

CM. Hjrpopituitary 6.0,7.5 A.O, 3.3 33.0 125.2 40

s.z. Myxedema 9.5,12.2 1.9, 1.9 132.0 197.1 20

s.z. Myxedema 1.3, 1.1 135.6 310. A 30

E.B. Hypopituitary 0.8,0.0 l.A, 1.1 18.5 27.1 20

K.U. (Pseudchypo- 21. A, 19.

6

2. A, 2,3 50.5 108 30

E.M. parathyroid) 29.9,23.0 2.5,2.2 58.

A

180 10

J.L. Hjrpopituitary 2.7, A.

2

2. A, A.

3

20 120 AO

J.B. Low T-A 5 1A.6 10

H.J. Scleroderma 5.9, 7.8 2.0, 2.

A

Urinary cyclic AMP measured by Dr. Ferid Murad showed no difference
between control and TRF periods in nine subjects. S3mthetic TRF response
followed by plasma TSH seems to be a good method of gathering further informa-
tion about the etiology of secondary hypothyroidism.

Publications

:

None.
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Serial No. NHLI-225(c)
1, Endocrinology Branch
1.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Pathophysiologic studies in hypertension

Previous Serial Number: 107(c)

Principal Investigators: Meyer, W.J., M.D. , Bartter, F.C., M.D, and Delea, C,S.

Project Description;

Obj ectlves

:

(1) To define the roles of the adrenal steroids and of the renin-angio-

tensin system in the etiology of hypertension.

(2) To investigate the interrelationships of the adrenal glands and the

parathyroid glands in patients with hyperparathyroidism and h3rpertension.

(3) To demonstrate the presence or absence of circadian rhythms in

patients with hypertension and to attempt to establish causal relationships
among the variables measured.

(4) To continue to investigate the role of the adrenal steroids in patients
with Bartter' 8 syndrome (juxtaglomerular hyperplasia, hypokalemia, hyperaldo-
steronism with normal blood pressure.

Methods Employed:

Fourteen patients vA.x.h. h3rpokalemia and/or hypertension were studied on two
different sodium diets. Blood pressure, serum K, ASR and PRA were measured. In
one set of patients urinary calcium and gastrointestinal absorption of calcium
were measured also. In the circadian study, blood pressure, mood changes,
salivary Na, K and steroids, ASR, PRA, urinary Na, K, CI Ca, P, 17 OHCS, 17 KS
and aldosterone were measured every three hours.

Major Findings:

(1) Patients with hypertension and/or hypokalemia were studied to evaluate
the role of the adrenal steroids and the renin-angiotensin systems in the etiolo-
gy of their hypertension. The results are as follows: See Table I.
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Proposed Course of Study: NHLI-225(c)

lo To continue to screen patients diagnostlcally for primary aldosteron-

ism.

2. To measure blood pressure every 30 minutes for 48-72 hours and subject

it to cosinor analysis for period, phase and amplitude.

3. To have patients perform self-measurements of blood pressure at fre-

quent hourly intervals at home for long periods of time, e.g., 3 months.

4. To establish the best times of day for medication to control blood

pressure In the light of circadian blood pressure measurements.

Major findings:

(2) Four patients with concurrent hypertension and hyperparathyroidism,

hypercalciuria and nephrolithiasis were studied to evaluate their adrenal-renal

systems. Three other patients with hypercalciuria and stones were evaluated in

the same way. The results are as follows: See Table II.

Table II

Patient Na Intake B.P. Aldo Renin Stones Ca Operation

(pts with hyperparathyroidism)
T.W. 9 150/100 504 533/522 X 200 PTX-hyperplasia

249 134/98 121 187/345
E.B. 9 160/110 1795 358/1371 X 200-250 PTX-adenoma

249 180/100 776 123/635
W.G. 9 788 /2424 X PTX

249 1664 323/780
\

S.D. 9

249 107

0/0 X 250-350 Adx-hyperplasia
Normocalcemic

109 240 290/ hyperparathyr.
249 512 tests - for

9 273/
249 1115
250 257 231/353 Post-adx.

(pts . with hjrperca Iciuria, nephrolithiasis)
D.B. 9 120/80 423 568/ X over 300 PT test - neg.

249 134/100 166 331/
P.M. 9

240
611
914

839/2614
/1884

No over 300 PT test - neg.

M.M. 9

249

120/80
136/84

? 7 X 250 Normal PT

Of the first four, S.D. and T .W. had suppressed plasma renin activities.
S.D. also had pronounced hypokalemia. On operation she was found to have ad-
renal hyperplasia; one gland was removed, the other biopsied. Although she is

thought to have normocalcemic hyperparathyroidism, she has not been subjected to

another operation because of her cardiac status her renal stones and hypercal-
ciurla are controlled with cellulose phosphate.
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NHLI-225(c)

In the light of the extremely high plasma renin activities, W.G. was

thought to have the syndrome of juxtaglomerular hyperplasia. Accordingly, he

was given an intravenous infusion of angiotensin and norepinephrine. His

diastolic pressure failed to rise 20 ran of Hg at an infusion rate several times

that to which a normal person responds. A renal biopsy was performed to define

the lesion. The results are pending.

Major Findings:

(3) The circadian aspects of blood pressure are being studied in normal

subjects and in patients with hypertension, on and off medication. All multiple

dally blood pressure measurements are being subjected to computer analysis.

Preliminary data supports the concept that there is a circadian rhythm in the |
blood pressure of all patients with hypertension, with an early morning low and 1

a peak between 4 and 8 p.m. To further clarify this concept, all new patients

with hypertension are attached to a non-invasive blood pressure measuring instru-

ment which records blood pressure every thirty minutes for a period of A8 to 72

hours. These data, and self-measurement data taken at heme at frequent inter- .

vals are being analyzed for periodic parameters, to wit, phase, amplitude and I

period. *

Major Findings:

(4) In patients with Bartter's syndrome, two studies were performed to
test the autonomy of the aldosterone and renin productions and to attempt to
define the pathogenesis of this syndrome.

Three patients were given a Na load of 400 mEq and, at a separate time,
100 grams of albumin to expand their ECF and IVF volumes respectively. Although
the ASR decreased, it did not achieve normal values and the patients were h3rpo-
responsive to angiotensin infusions at this time. When a vasopressor agent was
given for a prolonged period, the blood pressure increased and the plasma renin
activity fell, but not to normal values. In the light of these results, it
was concluded that these studies provide evidence against a major role for the
Na depletion or hypovolemia in the pathogenesis of this syndrome. They also
supoort the concept of unexplained vascular hyporesponsiveness to angiotensin
II infusions as a continuing stimulus to excessive renin and aldosterone pro-
duction.

Proposed Course of Study:

Since K loss was a constant problem in these patients, they were given trl-
amterine throughout the course of the Na-loading. This regimen must be tried
in normal subjects to assess the effect of it on the ASR and PRA's. In addition,
to obtain further information on the vascular resistance to angiotensin, this
infusion must be given to these patients at a time when the blood pressure has
been maintained at high values with vasopressor agents for prolonged periods of
time. Since many of these patients exhibit hypomagnesemia, the state of their
magnesiiOT metabolism should be investigated in relation to their adrenal status.
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Publications;

1. Halberg, F, , Nelson, W. , Doe, R. , Bartter, F.C. and Reinberg , A.:

Chronoblologie. Journal of European Toxicology 6: 311, 1969.

2. George, J.M., Wright, L, Bell, N.H, , Bartter, F.C. and Brown, R.:

The syndrome of primary aldosteronism. Am. J. Med. 48: 343, 1970.

3. Bartter, F.C. and Mills, I.H.: Further evidence that renin is not the

intrarenal natriuretic hormone. J. Endocrinology 48 ; xii-xiii, 1970.

4. Bartter, F.C: So-called Bartter's syndrome. New England J. Med .

281: 1483, 1969.

5. Bartter, F.C, Bravo, E.L. , and Delea, C.S.: The role of steroids in
h3rpertension. In James, V.H.T. (Ed.): Proceedings of the Third International
Congress in Hormonal Steroids, Sept. 7-12, 1970. Amsterdam, Excerpta Medica
Foundation, 1971.
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Serial No. NHLI-226
1. Endocrir.ologv Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The effect of prostaglandins upon Cortisol and aldosterone

secretion of hypophysectomized-nephrectomized dogs.

Previous Serial Number: None

Principal Investigators: Meyer, W.J,, M.D. , and Bartter, F.C., M.D.

Other Investigators: Casper, A.G.T., Kelly, G. and Tate, J.

Project Description:

Objectives

:

The importance of prostaglandins in the function of the adrenal cortex is

unknown. Shaw and Rarawell have shown that they are released from the adrenal
gland upon stimulation with ACTH. Flack, working in the same laboratory, has
shown that PGE,, PGE2, and PGF20C increase steroidogenesis in the continuous
superfuslon of the rat adrenal, but Funder demonstrated variable effects on

steroidogenesis in the autotransplanted adrenal gland of the sodium-depleted
sheep. The purpose of this study is to try to further clarify the role of
prostaglandins in adrenal cortical function.

Methods Employed:

Normal adult male mongrel dogs, weighing between 20 and 30 kilograms, are
anesthetized by intravenous administration of sodium pentobarbital. The hypo-
physis is removed by the transbuccal approach. Then both kidneys are removed
and the adrenals are prepared for perfusion by the technique of Hilton et al .

Donor hypophysectomized-nephrectomized dogs were bled from the femoral artery
before the day of the above preparation. The blood is used to support blood
pressure and is given at least volume for volimie of that lost. When necessary,
norepinephrine is also used to support blood pressure. Thirty minutes after
the preparation is completed and the blood pressure is stable, infusion of
saline is begun into the arterial side of the preparation at 0.573 cc/mln. The
entire venous output of the adrenal pouch is collected. The saline is run for
three five-minute consecutive periods; then a solution containing a thirty
mlcromolar solution of a prostaglandin in saline is substituted. The prosta-
glandin-containing solution is chosen to produce an adrenal arterial concentra-
tion between one and two mlcromolar prostaglandin. The blood flow rate through
the glands usually runs between five and fifteen ml/mln. depending on the indi-
vidual preparation. The flow rate can be held within one or two ml./min. for
each preparation. The prostaglandin is infused for twelve consecutive five-
minute periods or one hour. Toward the end of the experiment the entire venous

S9s^
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flow is obstructed and an arterial sample is taken directly from the adrenal
pouch to determine the actual prostaglandin concentration. The adrenal venous m
blood will be analyzed for Cortisol by the Porter-Silber method and aldosterone
by the radioimmunoassay. All of the prostaglandin will be tested twice in

this preparation.

Major Findings:

To date the following prostaglandins have been used in the preparation:
PGEj^, PGE2, PGA,, and PGF20C No analysis of the adrenal venous blood has
been completed.

Publications:

None.
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Serial No. T\mT,T-227

1. Endocrinology Branch

2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the etiology of the natriuresls of fasting

Previous Serial Number: None.

Principal Investigators: Meyer, W.J., M.D.

Other Investigators: Kelly, G. and Tate, J.

Project Description:

Objectives:

In man after a twelve-hour fast, a natriuresls begins. This natriuresls

persists until refceding and is greater than that on a 9 mEq sodium diet. The

natriuresls is reversed within thirty minutes after giving I.V. glucose and

within one hour of oral glucose. The purpose of this study is to document

these phenomena in the dog and to demonstrate their Intrarenal origin.

Methods Employed:

Three adult female dogs with eolslotomies were placed on a 60 mEq sodium
diet and strict urinary collections. They were then fasted for seven days
followed by refeeding with the 60 mEq sodium diet. The dogs were given by
stomach tube at least 1000 ml of water each day during the entire period. Total
urinary excretion was determined for each day.

Another group of dogs was fasted for four days receiving at least 1000 ml
of water each day. On the morning of the fifth day they were given 1500 mi of
water over one hour; thirty minutes later they were placed under pentobarbital
general anesthesia. Then a raannitol diuresis was started with a priming dose
of 12 grams of mannitol followed by a 5 cc/minute Infusion of 2.5% mannltoi in
distilled water. In the left renal artery a glucose solution in 2.5% mannitol
was begun at 0.2 cc/mlnute. Clearances of inulin, para-amlnohippurate and
sodium were determined for each kidney over each thirty-minute period. The
total experiment consisted of three control periods and six experimental periods.
Two concentrations of glucose have been tried: five percent and 0.5 percent.

Major Findings:

The data for the urinary excretion of sodium in the three fasted and refed
dogs are tabulated for the last two days of fasting and the first two days of
refeeding. They demonstrate that refeeding a 60 mEq sodium diet did not reverse
the natriuresls of fasting, but sodium retention can be demonstrated.

^f6



Dogs
Day of Fasting
6th 7th

Day of refeeding
1st 2nd

NHLI-227

3rd

.To 4,2 3.1 44.0 31.3 71.2

Mary 3.9 3.3 46.8 35.5 50.6

Gloria 2.9 1.3 1.0 12.5 79.5
n-

The data on the clearances of the anesthetized dog experiments are not
completed.

Publications:

None.
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Serial No. NHLI- 228(c)

1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The use of 17cK estradiol in the inhibition of the effect of

D-Penicillamine on collagen solubility in skin.

Previous Serial Number: None.

Principal Investigators: Meyer, W.J., M.D., Pak, C.Y.C., M.D. , and Bartter,

F.C., M.D.

Cooperating Units: Henneman, D., M.D., Ortho Research Laboratories, Raritan,

N.J.

Project Description:

Objectives:

D-Peniclllamine is known to reduce the tensile strength of skin and in-

crease its neutral salt-soluble collagen. In the rat osteoporosis and bone
deformities occur if large doses of penicillamine are administered. Patients
with cystinuria are one group of patients which must have D-penicillamine in
order to stay symptom-free, and many of these patients also have demonstrable
skin side effects of penicillamine. 17c< estradiol has been shown in rats to

protect against the penicillamine-induced skin and bone abnormalities without
showing any effect on the menstrual cycle. Therefore this particular estrogen
was selected for trials in humans, male and female, taking penicillamine for
treatment of cystinuria with demonstrable skin collagen changes noted on biopsy.

Methods Employed:

Patients taking D-Penicillamine for cystinuria are admitted to the Clinical
Center for a period of two months. They are placed on a strict metabolic
balance of sodium, potassium, calcium, phosphorus, and magnesium, monitoring
urine, stool and blood. In addition to the above, urinary cyclic AMP, free and
total hydroproline, creatinine excretion, and protein are also followed daily.
The hospitalization is divided into three periods: twelve day control, twenty
day of 10-15 mg/kg/day subcutaneous 17«< estradiol, twelve day post drug. During
each period the following will be checked at least once: clotting factors,
serum copper, ceruloplasmin

, plasma parathyroid hormone, thyrocalcitonin, renin
activity and substrate, serum insulin, serum growth hormone, thyroid binding
globulin with thyroxine, plasma Cortisol, testosterone binding protein, cuff
test for capillary fragility and skin content of soluble collagen. With the
above tests the spectrum of estrogen-like effect of 17<?<estradiol can be evalu-
ated as well as its inhibitory effect of the deleterious action of D-penicilla-
mine on skin. ^g
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Major Findings:

To date three patients have begun on the above protocol. There are no
data available at this time.

Publications:

None.
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Serial No. NHLI-229(c)
1. Endocrinology Branch

2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Projec-.t Title: The use of 3-methyl-2-(3-pyridyl)-lndole methanesulfonate

(GPA 2282) in the treatment of hyperaldcsteronlsm.

Previous Serial Number: None.

Principal Investigators: Meyer, W.J., M.D. and Bartter, F.C., M.D.

Cooperating Units: Socolow, E., M.D., Geigy Pharmaceuticals, Ardsley, N.Y.

Project Description:

Objectives:

GPA 2282 has previously been shown in vivo in the dog and in vitro in the

adrenal cortex of the dog, cow, and human being to block the production of

aldosterone by Doctors Bartter and Burwell. At the time of this blockade
there was a rise in 11-desoxycorticosterone production. Human studies done
elsewhere with normals and patients with primary aldosteronism have been in-
consistent.

Methods Employed:

Three patients Td.th hyperaldosteronism were selected to be admitted to
the hospital for evaluation of the GPA 2282 under rigorous metabolic regimen,
receiving constant dietary Intake and collecting all urine and stools for
complete balance measurements of sodium, potassium, calcium and magnesium.
After an Initial eight-day control period the GPA 2282 was begun at 250 mg
evei-y 6 hours p.o. for a period up to 44 days. In addition to the balance
data aldosterone secretions and supine and upright renins were drawn each week
of the study. The following parameters were followed in order to check for
drug toxicity: CBC, platelet count, bleeding time, clotting time, prothrombin
time, partial prothrombin time, stool guaiac, creatinine clearance, SCOT,
bilirubin total and direct, alkaline phosphatase, uric acid, sedimentation rate
and urinalysis.

Major Findings:

Two patients have now completed the study: a 40-vear-old white female
with juxtaglomerular hyperplasia, hypokalemia, aldosteronism, elevated plasma
renin activity without hypertension; and a 42-year-old x»hlte female with bi-
lateral adrenal hyperplasia with primary hyperaldosteronism. No signs of toxi-
city were noted; however, both patients complained that the medication "burned"
each time they took it. The medication had no effect on the patients' blood
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pressure. The complete balance data is not available but the GPA 2282 had no
effect on the serum and urinary values of sodium, potassium, calcium and
magnesium. The renin values have not been determined. The aldosterone secre-
tion values that follow show only some beneficial effect in the patient with
primary aldosteronism,

23rd 32nd 41st

306 398 317

Publications:

None.

Day: Control 5th 8th 14 th 16 th 22nd
JG H3T)erplasia 215 745 414 540
Primary Aldo. 794 834 576
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Serial No. NHT,T-230(c.)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Proiect Title: The circadian urinary excretion of ketosteroids in patients

with the adrenogenital syndrome.

Previous Serial Number: None.

Principal Investigators: Meyer, W.J., M.D. and Bartter, F.C., M.D.

Other Investigators: Diller, E.

Pro.lect Description:

Objectives:

Because patients with the adrenogenital syndrome produce inadequate

amounts of Cortisol, they produce large amounts of ACTH and ketosteroids. This

study is designed to determine if there is a circadian variation of ketosteroids
in these patients and vjhat the characteristics of that variation are with and

without therapy.

Methods Employed:

Patients with both salt-losing and non-salt-losing virilizing adrenal
hyperplasia are admitted one month after their last DOC pivalate injection to
the Clinical Center. The patients begin a fluid intake in excess of 2000 cc/
m /day divided equally into four hour periods. Vital signs are taken every
four hours. During four days while they are still taking Cortisol replacement
and during one week without replacement, they collect urines in four hour
periods. The patients are then restarted on therapy and discharged. The urines
are analyzed for ketosteroids by the modified Zimmerman method.

Major Findings:

Eight patients have completed the above protocol. Four of the patients
have the salt-losing form of the syndrome. No urinary ketosteroid analyses are
available yet.

Publications:

None.
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Serial No. NHT.T-231(c)
1. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report \lf

July 1, 1970 through June 30, 1971

Project Title: Calcium metabolism in cystic fibrosis.

Previous Serial Number: NHLI-127(c)

Principal Investigators: Simopoulos, A. P., M.D., Pak, C.Y.C., M.D. and

Bartter, F.C. , M.D.

Cooperating Units: Kattwinkel, J., M.D. and di Sant'Agnese, P. A., M.D,,

Pediatric Metabolism Branch, NIAMD, and Murad, F. , M.D.

,

University of Virginia, Charlottesville.

Project Description:

Obj ectives

:

Patients with cystic fibrosis have pancreatic deficiency and fat intoler-
ance. Standard textbooks describe the radiologic findings of the bones as

being consistent with "osteoporosis". In order to evaluate bone metabolism in

this disorder the following study was set up.

Methods Employed:

Five patients with cystic fibrosis, lA-23 years of age, were studied under
strict metabolic conditions on a constant Ca and P intake, but on 9, 109, and
249 mEq of Na/day.

Calcium infusions were performed on a different admission. All patients
were put on a liquid diet containing 400 mg of Ca and 890 mg of P per day. Ca
infusion. (15 mg/Kg) was given on the third day. Ca and P were analyzed every
12 hours. Urinary cyclic AMP (2A hr) was determined dally.

Plasma was collected for TCT and parathyroid hormone determinations before
and after Infusion (TCT and PTH are to be determined at a later date)

.

All patients are to be admitted in April, 1971 for calcium absorption
studies.
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Results Calcium Balance

Balance Data A.J.

V.J.

v.s.

B.M.

B.S.

+117
+19
+11
+14
-27

% fall in urinary P Normal C.F. Pts. Hyp^erparathyrcid Pt.

during the second 12 hr. -52+14.5 SD% VS -9% -7.7+14.1 SD%

of calcium Infusion VJ -20%

AJ -9.9%
BM -15%
BS +34%

CAMP pnoles/gm less than 3.8 6.3 5.4+2.2 SD

Major Findings:

The data indicate that a state of hyperparathyroidism is present in

patients with cystic fibrosis.

The calcium absorption data ought to indicate if this state of h3rper-

parathyroidism Is primary or secondary to malabsorption of Ca by the gastro-
intestinal tract.

Publications:

1. Simopoulos, A.P. , Lapey, A., Boat, T. , di Sant'Agnese, P. A., and
Bartter, F.C.: The renin-smgiotensin-aldosterone system in cystic fibrosis.
In print. Pediatric Research , January 1972.
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Serial No. NHLI-232(c)
1. Endocrinology Branch

2.

3. Bethesda, Maryland

PHS-NIH
Individual Project Report

Julv 1, 1970 through June 30, 1971

Project Title: The relatlonshin of central nervous svstem degenerative dis-

orders to the adrenal hvper- and hVnoplasia. Studies in: I.

Subacute necrotizing encenhalonathv (SNE) - Bone marrow and

electron microscope studies on brain. II. Sudanophilic leuko-

dvstronhv and Addison's disease - Brain electron microscopy.

Previous Serial Number : None

.

Principal Investigators: Simonoulos, A. P., M.D.

Cooperating Units: Roth, J., M.D., Laboratory of Pathology, NCI.

Project Description:

Objectives:

I. Previous studies in one patient (V.S.) with clinical and biochemical

evidence of SNE established the fact that she was dependent on high doses of

thiamine HCl, MgCl2 and Snironolactone in order to remain free of ataxia,

maintain normal serum notasslum levels and develop physically and normally. In

addition, the vacuolization of the bone marrow and the presence of the Inhibitor

were dependent on thiamine and MgCl2' ^^'^ ^^^ parents withheld medications
for 7-10 days the patient had a severe relapse, the vacuolization was present

in the bone marrow and in the peripheral blood. At autonsv, the same vacuoles
were present In the cortex, the midbrain, cerebellum and the spinal cord. On
electron microscopic investigation, these vacuoles appear to be in the Intra-
myelinic axons. These vacuoles did not stain with sudan, ORG, PAS, or any of

the other stains. Similar vacuoles have been produced in rats with intracerebral
injections of ouabain, indicating abnormal membrane transport.

Although this disease is most likely an Inherited metabolic disorder of
the autosomal recessive tvpe, sections of brain tissue were injected into
monkeys to rule out viral disorder. Results so far (6 months) are negative.

II. Another natient with Sudanophilic leukodystrophy and Addison's disease
had brain biopsv. Electron microscopic studies are in progress.

Publications:

1. Slmopoulos, A. P., Delea, C.S. and Bartter, F.C.: Neurodegenerative
disorders and hyperaldosteronism. J. Pediatrics (in print)

.
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Serial No. mht ,T-?..S3(r>

I. Endocrinology Branch
2.

3. Bethesda, Maryland

PHS-NIH
Individual Proiect Report

Julv 1, 1970 through June 30, 1971

Proiect Title: Calcium metabolism in idiopathic hypercalcemia of infancy and

childhood. I. The effect of calcium infusion on serum cal-

cium, thvrocalcitonin (TCI) and parathyroid hormone (PTH

.

II. 2A-hour urinary cyclic AMP in two patients with the disease.

Previous Serial Nimiber: None.

Principal Investigators: Slmopoulos, A. P., M.D. and Pak, C.Y.C., M.T).

Cooperating Units: Murad , F. , M.D., University of Virginia, Charlottesville

Proiect Description:

Obi ectives

:

The sjmdrome of Idiopathic hypercalcemia of Infancy and childhood remains
totally imexplained in terms of etiology, natural evolution of the disease
process and relationship of CAMP, TCT, and PTH in the patients who are no
longer hypercalcemic. The purpose of this study was to evaluate CAMP, TCT and
PTH in patients who no longer reauired treatment and had been normocalcemic on
ad libitum Ca Intake over a one-vear period. We felt that if an abnormality in
this parameter were to be found it would be of great help to identify older
children in mental institutions who present with the same physical and mental
picture, but in i^om, unfortunately, serum calcium levels had not been determined
when they were Infants.

Methods Employed:

I. Calcium infusion, TCT and PTH before and after infusion.

a) observe the response of urinary P, Ca.

b) the level of serum Ca and the rate of its disappearance.

(Since data on oral Ca loading tests Indicate decreased rate of serum Ca
disappearance)

.

II. 24-hr. urinary cyclic AMP.

So far two patients T-rith the severe form of the disease have been studied.

1) Pt. G.C, 4-year-old female. No Increase in serum Ca during or
following Ca infusion.

£e6

-r^^<



NHLI-233(c)
24-hr. urinary CAMP 1.2 umoles/gm of creatinine /day is normal. (Normal
values less than 3.8 umoles/gm of creatinine/day.)

2) Pt. J.G., 8 1/2 year-old male. No increase in serum Ca during or
following Ca infusion, yet patient became hypertensive during the
third hour of the Ca infusion.

Urinary P did not change, indicating abnormal Ca infusion test.

Results on TCT and PTH are pending.

The third patient, J.K., is to be studied in the future.

Major Findings:

Conclusions will be drawn when all data are available.

Publications:

1. Simopoulos, A. P., Marshall, J.R. , Delea, C.S. and Bartter, F.C.:
Studies on the deficiency of 21-hydroxylation in patients with congenital
adrenal hyperplasia. J. Clin. Endocr . 32: 438-443, March 1971.
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Serial No. NHLI-234
1. Endocrinology Branch

2.

3. Bethesda, Maryland

PHS-NIH
Individual Proiect Report

July 1, 1970 through June 30, 1971

Project Title: Effect of prostaglandins on the dog kidney

Previous Serial Number: None.

Principal Investigator: Gross, J.B., M.D.

Other Investigators: Bartter, F.C., M.D., Casper, A.G.T., Kelly, G. and

Tate, J.

Project Description:

Objectives:

The renal effects of the prostaglandins have been partlallv explored but

not fullv elucidated. Effects on GFR, renal blood flow, and renal sodiian

excretion require further investipation , and the mechanism of prostaglandin-

induced natriuresis remains unknown. Complete studies of the effects of the

agents on urinarv 3', 5' AMP excretion do not exist. The present study was
undertaken to elucidate more fullv the effect of prostaglandins A, E, and F2
on renal electrolyte excretion, renal blood flow and GFR, PAH extraction, and
urinary excretion of 3', 5' AMP.

Methods Employed:

Female dogs weighing 15-28 kg. were anesthetized with pentobarbital,
30 mg/kK. Light anesthesia was maintained throughout the experiment. A mid-
line abdominal incision was made, catheters placed in each ureter, and small
cannulas were placed in the left renal artery, and both renal veins. Blood
pressure was Accorded via an intra-arterial cannula in a femoral artery. In
more recent experiments, respirations were controlled via a volume-cycled
respirator, and arterial pH monitored and maintained in or near the normal range
throughout the experiment.

Dogs were divided into two groups, one receiving an initial waterload,
followed by a sustaining dextrose-in-water infusion, and the other being water-
restricted and given maximal Intravenous doses of antidiuretic hormone. Infu-
sions of inulin and sodium para-amino-hippurate were administered to both groups
and inulin clearance, PAH extraction, and renal plasma flow were calculated in
the standard manner. 10-minute control and experimental urine-collection
periods were utilized in both groups of dogs.

After several initial control periods, the drug was infused into the left
renal artery at rates ranging from .1 to 2 micrograms /minute. In several ex-

^0fi
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nerlments, t50st~experimental control periods were also utilized. In each ex-

periment, the contralateral kidney served as a simultaneous control for the

infused kidney.

The following measurements and calculations were made in each experiment -

inulin clearance, PAH extraction, osmolar clearance, renal plasma flow, Na"*"

excretion, KT*" excretion, free-water clearance (C*H20) or free-water reabsorption
(Tc H2O) , systolic, diastolic and mean blood pressure. In several experiments,
urine was also collected for 3', 5' - AMP determinations.

Major Findings:

The data are still being collected and are insufficient at the present
time to allow interpretation.

Publications:

None.
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Serial No. NHLI-235(c)
1. Endocrinology Branch
2.

3. Bethesdaj Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the control of sodium excretion. I. Mechanisms of

sodium retention.

Previous Serial Number: NHLI-125(c)

Princinal Investigators: Gill, Jr., J.R., M.D., Delea, C.S., A.B. , and

Bartter, F.C. , M.D.

Cooperating Units: Waldmann, T.H. , M.D., Metabolism Branch, NCI

Project Descriotion:

Objectives

:

Previous studies have demonstrated that abnormally low rates of synthe-
sis of albumin or abnormally high rates of albumin catabolism can lead to

hynoalbuminemia, hvDOvolemia and sodium and irater retention on the basis of

increased adrenergic activity and hyperaldosteronism. In these oatients the
total albumin pool is also reduced and the distribution ratio of extra-
vascular to intravascular albumin is normal. In some patients the ratio of
distribution is abnormal. Such patients are now currently under study to
determine the physiological basis of the abnormal distribution and its
pathological cause.

Methods Employed:

Radioactive albumin is injected intravenously to evaluate the various
parameters of albumin metabolism and the results obtained further analyzed
in terms of a three-comnartment model to determine the rate of egress of
albumin from the intravascular compartment as well as its rate of return.

Major Findings:

In one patient (J.C.) ^,n.th albumin-rich bilateral pleural effusions,
this kind of analysis suggested that a delay in return of albumin to the
circulation rather than a rapid rate of egress from the circulation was the
basis for the accumulation of albumin in the pleural spaces. Total circulat-
ing pool of albumin was also decreased by an unexplained increase in the
fraction of intravascular albumin catabolized per day. The pathogenesis of
the hypercatabolism and the nature of the abnormality of the lymphatics
draining the pleural space remain to be identified. The data for the albumin
studies are presented in tabular form below.

6fc



31 13 12

fraction per
21

day

41 M, M2

Normal .379 .319 3.29 .852 .109 1.56 .44

+
S.E.M.

+
.053

+
.031

+
.372

+
.117

+
.007

1.84

J.C. .422 .125 2.76 1.39 .158 1.21 .63 4.05 tc

31 = fraction of intravascular albumin transferred to large slowly turning

over extravascular albumin pool, which presumably includes pleural effusions.

13 = fraction of large slowly turning over extravascular pool transferred

to intravascular pool.

12= fraction of small rapidly turning over extravascular pool transferred

to intravascular pool per day.

21 = fraction of intravascular albumin transferred to small rapidly turning
over extravascular pool.

41 = fraction of intravascular albumin catabolized per day.

M-i = intravascular pool.

M- = small extravascular pool which turns over rapidly.

Mo = large extravascular pool which turns over slowly.

Publications:

1. Gill, Jr., J.R.: Edema. Ann. Review of Medicine 21: 269, 1970. ,
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Serial No. NHLI-236
1. Endocrinology Branch

2.

3. Bethssda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the control of renal sodium excretion. II. The

role of adrenergic receptors and cyclic nucleotides.

Previous Serial Number: NHLI-126

Principal Investigator: Gill, Jr., J.R., M.D.

Other Investigators: Casper, A.G.T. and staff

Project Description:

Objectives:

Previous studies from this laboratory have provided evidence that beta
adrenergic stimulation decreases the proximal tubular reabsorption of sodium
but does not apparently limit sodium reabsorption in more distal areas of the

nephron (1) . As this decrease in sodium reabsorption was not associated with
any change in renal hemodynamics, it was presumed to occur through direct
effects on cellular transport processes. A possible mode of cellular media-
tion of beta adrenergic stimulation is the adenyl cyclase system reportedly
present in the renal cortex. This enzyme system responds to beta adrenergic
stimulation as well as to stimulation of other receotors such as that for
parathyroid hormone bv the generation of intracellular 3 ',5' cyclic AMP.

In suDport of the prooosition that generation of intracellular cyclic
AMP can decrease sodium transport are our observations that dibutyryl cyclic
AMP (and cyclic AMP) decreases the proximal tubular reabsorption of sodium (2).
As in the case of beta adrenergic stimulation, the nucleotide does not appear
to limit sodium transport in other portions of the nephron, nor does it alter
renal hemodynamics.

Considerable published data indicate that a number of physiologic
interventions can decrease the reabsorption of sodium by the proximal tubule.
In most cases, changes in peritubular capillary oncotic (or hydrostatic)
pressure, either determined or presumed on the basis of changes in renal hemo-
dvnamics, were associated with the changes in net tubular sodium transport and
Invoked to exnlain them. How changes in peritubular capillary oncotic or
hydrostatic pressure might lead to changes in net sodium transport by the
renal tubule Is conjectural. Intracellular cyclic AMP and plasma membrane
receptors which can mediate its formation in proximal tubule cells would
appear to constitute a mechanism which, when activated, can directly decrease
net transport of sodium by these tubule cells.
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In llRht of these Important effects of beta adrenergic stimulation on

renal function, the effects of alpha adrenergic stimulation on renal function

were determined in the present studies.

Methods Employed:

Water diuresis was produced in anesthetized, hypophysectomized,

cortisol-treated dogs by infusion of 2.5 percent dextrose. Beta adrenergic

blockade of the left kidney was produced by infusion in the left renal artery

of propranolol, .17 pg/Kg/min., in normal saline .5 ml/min. When urine flow

was steady, clearance measurements were started. After three control periods

were obtained, norepinephrine .009 pg/Kg/min. was added to the solution in-

fused in the left renal artery for four periods. Three or four periods were

obtained after norepinephrine was stopped. The clearances of inulin and

para-aminohippurate were determined. Changes in urine flow (V) per 100 ml

glomerular filtration rate (GFR) were assumed to represent changes in proxi-

mal tubular sodium reabsorption. Clearance of solute-free water (^H20) was

taken as an index of sodium reabsorption by the diluting segment of the

nephron.

(t

Major Findings:

The addition of norepinephrine to the left renal artery infusate

resulted in a significant (P<.01) decrease in urine flow and in %2^ without

a change in the clearance of inulin or in sodium excretion in that kidney;

urine flow, %20» ^^^ ^"<^ %a^ ^^® essentially unchanged in the right kidney.

The results are sunmarized in the table below.

Control

^In

ml /min

33 + 3

Norepinephrine 32+2
(LRA)

Right kidney
V ^H20

ml/ 100 ml GFR

7.0 + .5 5.5 + .5

7.0 + .6 5.5 + .7

"Na^
mEq/min

6

7

s

Post Control 33 + 2

In

ml/min

Control 30 + 2

Norepinephrine
(LRA)

30 + 2

6.9 + .6 5.5 + .7

Left kidney

V %o

ml/ 100 ml GFR

7.8 + .7 6.2 + .7

6.3 + .5 5.0 + .6

Na

mEq/min

7

6

Post Control 32+2 7.3 + .6 5.9 + .8

The data provide indirect evidence that norepinephrine increased proximal
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but not distal tubular reabsorption of sodium. The decrease In H2O was

similar In magnitude to the decrease In V, specifically the fraction of

delivered sodium reabsorbed in the loop of Henle (%20/%a + ^^2^^ ~ '°^^ '^^^

not increase with norepinephrine (.97). With norepinephrine, the clearance
of para-amlnohippurate decreased 9 ml/rain, in the right kidney and 11 ml/mln.

in the left kidney: filtration fraction was similar in the two kidneys (.46

right; .48 left). Similar changes in renal hemodynamics in the two kidneys
suggest that the changes in sodium reabsorption with norepinephrine which
were limited to the left kidnev were probably the result of direct tubular
effects of the catechol. Thus, alpha adrenergic stimulation which increases
tubular sodium reabsorption affects sodium reabsorption in a direction opposite
to that of beta adrenergic stimulation. The effects of alpha adrenergic
stimulation on sodium transport, like those of beta adrenergic stimulation,
appear to be limited to the proximal tubule. As the effects of beta adrenergic
stimulation appear to be mediated throueh the adenvl cvclase system so also
mav the effects of aloha adrenergic stimulation be mediated bv nucleotide.
The possibilltv that guanyl cvclase and cyclic guanoslne 3'5' monophosphate
mediate alpha adrenergic stimulation is currently under investigation.

Publications

:

1. Gill, Jr., J.R. and Casner, A.G.T.: Depression of proximal tubular
sodium reabsorption in the dog in response to renal beta adrenergic stimula-
tion by isoproterenol. J. Clin. Invest . 50: 112-118, 1971.

2. Gill, Jr., J.R. and Casoer, A.G.T.: Renal effects of adenosine
3' ,5' cvclic monophosphate and dibutvrvl adenosine 3', 5' cvclic monophosphate:
Evidence for a role for cvclic AMP in the regulation of proximal tubular
sodium reabsorption. J. Clin. Invest . 50: June, 1971.
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Project Title:

Serial No. NHLI-237(c)
1. Endocrinology Branch
2.

3= Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Studies on control of calcium and magnesium excretion:
Intestinal absorption and renal excretion of calcium in meta-
bolic acidosis and alkalosis.

Previous Serial Number: NHLI-124(c)

Principal Investigators: Transbol, I., M.D. , Gill, Jr., J.R,, M.D. , Lifschitz,
M. , M.D. , Delea, C.S. and Bartter, F.C., M.D.

Project Description:

Objectives:

To determine the effect of systemic acidosis and alkalosis on the
tubular reabsorption of calcium and magnesium and urinary excretion of these
ions and on the gastrointestinal absorption of calcium.

Methods Employed:

Acidosis is produced in patients with renal tubular acidosis by discon-
tinuing treatment and in patients with a normal capacity to excrete acid by
treatment with ammonium chloride. Alkalosis is produced by giving sodium bi-
carbonate, 100 mEq per day, as a replacement for sodium chloride, 100 mEq per
day. Ultraflltrable magnesium and calcium as well as total magnesium and
calcium are determined. Calcium absorption from the gastrointestinal tract
is determined by arm counting after the administration of an oral dose of
radioactive calcium.

Major Findings:

Regimen Serum
bicarbonate
mEq/L

None 28+ 1

Alkalosis 35 + .5

Acidosis 20 + 1

Gastrointestinal
calcium absorption

%

38 + 5

55 + 8

43 + 4

Urinary calcium
mg/day

102 + 21

81 + 15

214 + 19

Serum calcium and clearance of creatinine were unchanged bv the various regi-
mens. The above results suggest th^ alkalosis increases the intestinal absorp-
tion of calcium and probably the tubular reabsomtlon of calcium. Conversely,
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acidosis aopears to decrease the tubular reabsorptlon of calcium; its effect
on the intestinal absoirption of calcium is uncertain because of possible
stimulation of the Intestinal absorntion of calcium by parathyroid hormone
released by the stimulus of renal calcium loss.

Publications:

None.
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Serial No. NHLI~238
1. Endocrinology Branch
2. Section on Mineral

Metabolism
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies in calcium and phosphorus metabolism. I. Ionic inter-

action with bone mineral and biologic calcification.

Previous Serial Number: NHLI-113

Principal Investigator: Pak, C.Y.C., M.D.

Other Investigator: Ruskin, B.

Project Description:

Objectives:

To evaluate the physicochemical factors concerned in the interaction of

mineral ions with the solid phase of bone, and to examine biological calcifi-
cation.

Methods Employed:

The kinetics of uptake of ^^Ca and ^ P by synthetic calcium phosphates
and by mineral phase was evaluated. This permitted calculation of the con-

tent of calcium and phosphate in the hydration shell of the crystal, and the

uptake of calcium and phosphate by the solid phase alone (exclusive of the
hydration shell)

.

The problem of biological calcification is being evaluated by spontaneous
precipitation in an artificial medium and by calcification of the organic
matrix.

Major Findings:

Bone mineral is not a single phase, but it is composed of a heterogeneous
mixture of calcium phosphates. Numerous ionic substitutions and exchanges
presumably occur. Previous studies have characterized the physicochemical
properties of bone mineral.

45
First, the uptake of Ca by hydroxyapatite or bone powder could be re-

versed by wash-out into isotope-free solution containing stable calcium. This
constituted experimental evidence for isoionic calcium exchange. Second,
certain univalent cations (Na, K, Li, Cs) could substitute for calcium at the
crystal surface on a one-to-one basis. Larger cations (Tris and Tl-IA) did not
participate in such an interaction.
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Third, syntheuic calrium phosphates with lov/ Ca/P ratio have a greater

affinity for Ca (2+) than those with high Ca/P. Fourth, effect of F (-) , SO,

(2-) , Mg (2+) and citrate on the exchange of ^^Ca and "^^PO^ vTith the mineral
phase of bone was determined under physiologic conditions. Mg (2+) substi-
tuted for Ca (2+) at the hydration shell, while citrate C3-) displaced PO^

(3-) frora both the hydration shell and the crystal surface. These bone-
seeking elements thus increased the apparent solubility of bone mineral. In

contrast, F (-) markedly reduced the concentration of Ca (2+) and PO, (3-) in

both the hydration shell and the ambient solution, probably by inducing the

formation of a Ca F2 boundary layer at the crystal surface. There was a net
uptake of Ca (2+) and P0^(3-) by the solid phase in the presence of Mg (2+)

and F (-), but not in citrate solutions. Sulfate (2-) did not significantly
affect the solubility, dissolution or growth of bone mineral.

These studies are now extended to the problem of biological calcifica-
tion. Initially, calcification in an artificial solution is being examined.
At pH 6, pyrophosphate (10~^) inhibits while silicates (SiOj) facilitate
precipitation of brushite.

Studies in progress include:

(a) Physicochemical characterization of bone mineral from pathologic
states. Bone biopsies have been obtained from patients suffering from osteo-
porosis, osteomalacia, hyperparathyroidism and Paget 's disease of bone. These
will be extracted with ethylenediamine to obtain bone mineral. Ionic exchange
with '^^Ca and ^^?0^ „iii then be carried out.

(b) Calcification of reconstituted bone collagen. Soluble collagen from
bone of patients with various disorders will be extracted and reconstituted.
Factors controlling the calcification will then be analyzed.

Publications:

None

.
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NHTJ-239(c)Serial No.

1. Endocrinology Branch
2. Section on Mineral

Metabolism
3. Bethesda, Maryland

PHS-NIH
Individual Proiect Report

Julv 1, 1970 through June 30, 1971

Proiect Title: Studies in calcium and phosphorus metabolism. II. New concepts

in the pathogenesis and treatment of renal stones of calcium

phosphate origin.

Previous Serial Number: NHLI-112(c)

Principal Investigator: Pak, C.Y.C., M.D.

Other Investigators: Ruskin , B. and Runkle, B.

Cooperating Units: Eanes, D., Ph.D., Laboratory of Biological Structure,

NIDR.

Project Description:

Objectives:

The purpose of this study is two-fold: to examine the nhysicochemical

factors concerned in the pathogenesis of renal stones containing calcium and

to evaluate the efficacy of various forms of treatment.

Methods Emploved:

The degree of saturation of urine with respect to brushite was calculated

as follows. The activity product (K ) of Ca (2+) and HP04(2-) was calculated

before and after incubation of urine with brushite. The ratio of initial and

final activity products (K ^/K ) represented the degree of saturation of

urine where a value greater than I'lndicates supersaturation and value less

than 1 undersaturation. The activity product ratio of calcium oxalate was

calculated similarly.

00

^

The formation product of brushite from spontaneous precipitation was

calculated as follows. The concentration of calcium in urine was raised by

the addition of CaCl2 while pH vras kept constant. The noint of spontaneous

precipitation was determined after two days of incubation at 37°. It is

expressed as the formation product ratio, or the number of times the specimen

is supersaturated with respect to brushite when precipitation commences.

Major Findings:

Renal stones probably form by spontaneous precipitation (crystallization

theory) or under the influence of an organic matrix (matrix theory) . For

^(9
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either theory, a state of supersaturation with respect to the ^rystal nidus

is essential. Our studies clearly show that brushite (CaHPO^- H2O) constitutes

the nidus of stones of calcium ohosphate origin. First, brushite was identi-

fied from che nrecipitate formed from 12 urine specimens from normal subiects

and 12 from patients with nephrolithiasis by the addition of calcium chloride.

Second, some of the specimens which were supersaturated with respect to

brushite calcified the modified collagen from Achilles tendon. The solid

phase formed was brushite.

The formation product for the spontaneous precipitation of brushite from

urine was shown to be two to 3,5 times the solubility product. Thus, the

urine vras 2 - 3.5 times supersaturated before brushite formed spontaneously.

The formation product of "normal" urines was not significantly different from

that of "stone-forminf^" urines. It is therefore concluded that the inhibitors

of calcification do not plav a significant role in the pathogenesis of renal

stones, even though they probably increase the formation product.

Brushite serves as the nidus for stones of "hydroxyapatite" and calcium
oxalate. At pH greater than 6.9, brushite undergoes hydrolysis to hydroxy-
apatite. At all urinary pH, brushite induces crystallization of calcium
oxalate, not vice versa.

An essential reauirement for the formation of calcium-containing renal
stone is a state of supersaturation of urine with respect to brushite. It
was shown that natients with hvpercalciuria and stones usuallv excrete urine
specimens which are supersaturated, whereas normocalciurlc subjects usually
do not (ref. 2 and 3). Patients with hypercalciuria and stones pass urine
specimens which are supersaturated with resoect to calcium oxalate as well;
normocalciurlc subjects generally do not. The important determinant of renal
stone formation is the excessive urinary excretion of calcium.

The aim of therapy was therefore aimed at lowering the degree of satura-
tion of urine with respect to brushite. Alternatively, it should be directed
at raising the formation nroduct, that is, widening the metastable region.
Cellulose phosphate (1) has been shown to be the most effective agent,
accordlnt? to above criteria. It markedly decreased the urinary excretion of
calcium and therebv lowered the activity product of brushite and of calcium
oxalate. Sodium ohosnhate increased the formation product of brushite; how-
ever, it also increased the activity product of brushite, without significantly
altering the activity nroduct of calcium oxalate.

Fifteen patients are being followed on cellulose phosnhate therapy for
UP to 2.5 vears. Two natients have shown decrease in size or dissolution of
stones. Fverv patient has experienced a dramatic subjective improvement. No
significant side-effect has been uncovered.

Publications

:

1. Pak, C.Y.C. and Ruskin , B. : Calcification of collagen by urine in
vitro: Dependence on the degree of saturation of urine \,d.th respect to
brushite. J. Clin. Invest. 49: 2353-2361, 1970.
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2, Pak, C.Y.C., Cox, J.W., Powell, E. and Bartter, F.C. : Effect of the

oral administration of ammonium chloride, sodiisn phosphate, cellulose phos-
phate and parathyroid extract on the activity product of brushite in urine.
Am. J. Med . 50: 67-76, 1971.

3. Pak, C.Y.C., Eanes, E.D., and Ruskin, B.

:

Spontaneous precipitation
of brushite in urine: Evidence that brushite is the nidus of renal stones
originating as calcium phosphate. Proc. Nat. Acad. Sci . Accepted for publica-
tion.
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Serial No. MLI -240(c)

1. Endocrinology Branch
2. Section on Mineral

Metabolism
3-. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies In calcium and phosphorus metabolism III. Mode of

action of thyrocalcitonin.

Previous Serial Number: NHIJ-115

Principal Investigators: Pak, C.Y.C., M.D. and Middler, S., M.D.

Other Investigators: Casner, A.G.T. and staff; Delea, C. and staff

Project Description:

Obj ectives

:

The purpose of this study is to determine the effect of thyrocalcitonin
(TCT) on: a) the renal transport of calcium and ohosphorus in the dog, and
b) on the gastrointestinal absorption of calcium in man.

(a) Methods Employed:

Four one-hour renal clearance periods with and without calcium infu-
sion were performed in female mongrel dogs for inulin, calcium and phosphorus,
From these, percent tubular resorption of calcium (TRCA) and phosphorus (TRP)

were calculated. Intact and thyroparathyroidectomized dogs were studied.

After control and calcium infusion clearances, each dog underwent
treatment with TCT (8 MRC u/kg/dav) for up to 10 weeks. Renal clearance
studies, again with and without calcium infusion were repeated at varying
Intervals during treatment.

Major Findings:

In intact dogs, TCT administration resulted in a reduction of TRP and
an Increase of phosphorus clearance. In some of them, these changes were
accompanied by hypercalciuria. Response to calcium infusion remained normal
even after 10 weeks of treatment. Serum alkaline phosphatase and urinary
hydroxyproline did not change.

In contrast, TCT administration did not affect renal transport of

phosphorus in thyroparathyroidectomized dogs. As in the intact group, the
response to calcium infusion was not altered.
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These results suggest that the effect of TCT on TRP and phosphorus

clearance is not primary, but rather is mediated through stimulation of PTH.
This implies then that chronic stimulation of PTH by TCT administration may
produce parathyroid hyperplasia and/or adenoma. The normal response to cal-
cium infusion in the intact dogs undergoing treatment is compatible with re-
cent reports that PTH production by hyperplastic glands is suppressable.

Results of the histologic examination of the parathyroids and the
microradiographic studies of bone are pending.

T

(b) Methods Employed

:

Gastrointestinal absorption of calcium was determined by the procedure
dependent on the external counting of the forearm 4 hours after an intravenous,
and on a separate test after an oral dose of ^'Ca. Patients with post-surgical
hypoparathyroidism were evaluated before and after administration of thyro-
calcitonin (3-8 MRC u/Kg/day) for 3 to A days.

Major Findings: (/>

The gastrointestinal absorption of calcium increased by 25 to 30 per
cent after thyrocalcitonin treatment. Since the studies were performed in
patients without parathyroid glands, the results suggest that TCT at pharma-
cological dosages directly stimulates the gastrointestinal absorption of
calcium.

Publications:

1. Pak, C.Y.C., Ruskin, B. and Casper, A.G.T.: Renal effects of
porcine thyrocalcitonin in the dog. Endocrinology 87: 262-270, 1970.

2. Pak, C.Y.C. and Bartter, F.C.: Renal effects of Vitamin D. In
DeLuca, H.F. and Suttie, J.W. (Ed.): The Fat-Soluble Vitamins . Madison, Wise.
University of Wisconsin Press, 1970, pp. 101-110.
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Serial No. NHLI-241
1. Endocrinology Branch
2. Section on Mineral

Metabolism
3. Bethesda, Maryland

PHS~NIH
Individual Proiect Report

July 1, 1970 through June 30, 1971

Project Title: Studies in calcium and phosphorus metabolism. IV. Interaction

of hormones at the air-water interface.

Previous Serial Number: NHLI-116

Principal Investigators: Kafka, M.S., Ph.D., and Pak, C.Y.C., M.D.

Project Description:

Objectives:

The purpose of these studies is to examine molecular interactions be-
tween peptide hormones and lipid monolavers. The interaction between hormone
and monolayer may serve as a model for hormone action at the outer aspect of
the cell plasma membrane. Previously, the actions of insulin and parathyroid
hormone on Ca adsorotion at monolayers vTere studied, followed by studies of
the effects of insulin analogues, vasopressin, oxytocin, thyrocalcitonin, and
3' 5' cyclic AMP on Ca^"*" adsorption at the monooctadecyl phosphate (mOP, stearic
monophosphate) monolayer. Then the effects of insulin and vasopressin on
the passage of water through monolayers were studied and have now been com-
pleted.

Methods Emnloyed:

Molecular interactions between hormone and monolayer were studied in
a modified Langmulr trough. The lipid monolayer was spread on the surface of
sodium phosphate buffer containing CaClo and, where aporopriate, ^^CaCl2 in
trace quantities, and compressed to 19.7 dyne cm. Surface pressure was
maintained constant throughout the studies, and after 15 minutes of film
stabilization reactants (hormone, diluent as control, and Prostaglandin E were
introduced beneath the film.

Radioactivity at the monolayer was measured by a Geiger-Mueller Gas
Flow Tube fixed above the trough. Changes in the surface area occupied by
the monolayer were measured on a scale running along the side of the trough.
Water passing through the monolaver was absorbed by dessicant fixed above the
surface of the trough and was weighed at intervals. Specific resistance to
evaporation, a recinrocal of the evaporation rate was calculated.

4^/

mn



Major Findings: NHLI-241

The hypothesis that insulin and vasopressin Increase the permeability
of cells to water and water-soluble substances by decreasing the adsorption
of Ca at the outer surface of the olasma membrane was tested. Changes in

the rate of evaporation of water through the monolayer were compared with
chanf^es in Ca^"^ adsorption.

L..

1) Insulin and vasopressin cause increased passage of water through
the monolayer.

2) The increased water passage could be accounted for in part by Inhi-
bition of Ca^"*" adsorption at the monolayer.

3) Increasing passage of water through the monolayer was specific for in-
sulin and vasopressin.

4) Oxytocin and albumin caused the rate of water passage present at the
time of their introduction to remain fixed, neither rising nor falling subse-
quently. Their modes of action in vivo may be related to these effects and
may depend on their prevention of any change in Ca^"*" adsorption in their
presence.

5) Insulin and vasopressin Increase the passage of water through the
monolayer to a greater degree than the increase seen in the total absence of
Ca . In addition, changes in the rate of water passage do not always
parallel decreases in Ca adsorption in the presence of these hormones. In-
sulin and vasopressin, then, have in addition to their action in inhibiting
Ca adsorption, direct interaction with monolayer molecules.

a) Interaction between insulin and vasopressin and the monolayer
do not depend on the presence of phosphate groups nor negatively charged
groups

.

=^

b) The interaction is not electrostatic.

6) Prostaglandin Ej^ changes neither the rate of water passage through
i

the monolayer nor the adsorption of Ca^"^. J

Publications:

None.
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Serial No. NHLI-242(c)
1. Endocrinology Branch
2. Section on Mineral

Metabolism
3. Bethesda» Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Pro.iect Title: Studies in calcium and phosphorus metabolism. V. Clinical

implications of 25-hydroxycholecalciferol (25-HCC)

.

Previous Serial Number: NHLI~117(c)

Principal Investigators: Pak, C.Y.C., M.D., Delea, C.S., A.B. , and Bartter,
F.C., M.D.

Cooperating Units: DeLuca, H. , Ph.D., Department of Biochemistry, University
of Wisconsin

Project Description:

Objectives:

The purpose of this project is to evaluate the effect of treatment with
25-HCC of patients with Vitamin D resistance.

25-HCC is believed to be the biologicallv-active metabolite of vitamin
D3, Indeed, patients with vitamin D resistance freouentlv exhibit defective
synthesis of this compound.

Methods Employed:

Patients who have shown clinical resistance to treatment with vitamin D2,
vitamin D3 or dihydrotachysterol were screened for 25-hydroxylation. These
patients were then treated with 25-HCC. Effect of treatment was evaluated on
metabolic regimen from changes in serum calcium and phosphorus concentration,
urinary calcium and phosphorus excretion, and in the gastrointestinal absorp-
tion of calcium.

Major Findings:

Four patients with Vitamin D-resistant hypoparathyroidism have been
evaluated. The first patient was resistant to large doses of vitamin Dos
vitamin D3 and dihydrotachysterol. She responded to 25-HCC (5000 u/d or less)
with a significant increase in serum calcium concentration, and in urinary
excretion of calcium. These changes were accompanied by an Increase in uri-
nary hydroxyprollne excretion and a moderate increase in the gastrointestinal
absorption of calcium. Two other patients with hypoparathyroidism responded
to 25-HCC, with an Increase In serum concentration of calcium, urinary cal-
cium excretion, and in the gastrointestinal calcium absorption.
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The fourth oatient with hyooparathyroldism had a moderate resistance to

vitamin D. She responded to 25-HCC by an Increase In urinary calcium excre-

tion. However, there was no significant change in serum Ca concentration.
The lack of response in this patient mav be the result of her moderate renal
failure.

Three patients with vitamin D-resistant rickets have been treated with 25-

HCC. Two showed a significant increase in serum P concentration and in the

gastrointestinal absorption of calcium, and positive calcium and phosphorus

balances. However, the third patient developed resistance to 25-HCC during
treatment.

Future studies:

The exploration of the molecular basis for vitamin D resistance is being

planned. The assay for 25-hydroxylase activity (from liver biopsy specimen)

and for calcium-dependent ATP'ase from gut mucosa is sought.

Publications:

1. Pak, C.Y.C., and DeLuca, H. : Treatment of hypoparathyroidism with
25-hydroxycholecalciferol. In DeLuca, H.F. and Suttie, J.W, (Ed.): The Fat-

Soluble Vitamins . Madison, Wisconsin., University of Wisconsin Press, 1969,

pp. 173-176.

2. Pak, C.Y.C., DeLuca, H.F., Chavez, J.M. , Suda, T. , Ruskin, B. and
Delea, C.S.: Treatment of vitamin D-resistant hvpoparathyroidlsm with 25-

hydroxycholecalclferol. Archives of Internal Medicine 126: 239-247, 1970.
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Scrlsl No. NHLI-243(c)
1. Endocrinology Branch
2. Section on Mineral

Metabolism
3. Bethesda, Maryland

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies in calcium and phosphorus metabolism. VI. Treatment

of osteoporosis with calcium infusion and thyrocalcitonln.

Previous Serial Number: NHLI-lll(c)

Principal Investigators: Mlddler, S.A., M.D., Pak, C.Y.C., M.D. and Bartter,

F.C. , M.D.

Cooperating Units: Henneman, D. , M.D., Ortho Research, Rarltan, N.J.,

Jowsey, J., M.D. , Mayo Clinic, Rochester, Minn., Amaud,
C, , Mavo Clinic, Rochester, Minn., and Murad, F. , M.D.

,

University of Virginia, Charlottesville.

Project Description:

Objectives

:

Part of this study was discussed in previous project report NHLI-lll(c).
Osteoporosis is a common, disabling disease of bone for T-;hich there is, at
present, no generally accepted mode of therapy or theorv as to etiology. We
have theorized that some forms of osteoporosis may be due to relatively too
much parathyroid hormone (pTH) and/or too little thyrocalcitonln (TCT) . This
study involves the evaluation of calcium infusions and thyrocalcitonln,
sin^lv and combined, as therapeutic modalities in the treatment of osteoporosis
The data obtained during the course of this treatment should add a great deal
of insight as to the nrecise etiologies of this disease.

Methods Emploved:

Patients to be studied are admitted to the Clinical Center for a oeriod of
2-3 months. Some are asked to return for several different studies. The
patients undergo calcium and nhosphorus balance studies, including an estima-
tion of endogenous fecal calcium bv '^^Ca tracer techniques, before, during and
after treatment. Treatment consists of 12 davs of calcium infusions (15 mg/
Kfj/4 hours), thvrocalcitonln (1-R MRC unit/Kg I.M.) or both.

In addition to balance data, hvdroxyproline and cyclic A^fP excretion is
followed. Tbe former is an indicator of bone turnover, and the latter reflects,
in nart, a renal action of PTH. Rone biopsies are nerformed for histologic
diagnosis and mlcroradiofranhv and bone cell metabolism. Post-treatment biop-
sies are obtained when feasible. Serum has been collected and stored for PTH
assay by Dr. Amaud.
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Major Findings:
NHLI-243(c)

The first 12 patients to receive calcitm infusion alone have been reported

in detail. About one-half responded with an improvement in calcium balance,

which in some cases has lasted as long as 18 months. This was generally due

to an improvement in fractional calcium absorption. Hydroxyproline excretion

decreased during and after calcium infusions. Bone resorption area, as

measured by microradiography, decreased in 10 patients examined, while bone

formation area increased in 7.

The suppression of phosphorus excretion on the first day of calcium in-

fusions was less than normal in 9 of these patients. This suggests some

autonomy in parathyroid function. This finding is being reevaluated by

measuring phosphorus excretion in fractionated 12-hour urines. We have found

this to be a more sensitive indication of parathyroid suppressibility than

24-hour phosphorus excretion.

More recent studies have demonstrated that calcium infusion causes a fall

in cyclic AMP excretion. In one patient it decreased from 2.8 to 2.0 umoles/
day with a post-infusion "rebound" to 3.4. In another patient, repeated 4-day
periods of calcium infusion consistently reduced cyclic AMP excretion from
about 6.0 to about 3.0 umoles/day.

Studies presently in progress have revealed that thyrocalcltonln alone
did not significantly affect calcium balance or induce negative balance, in
two patients with osteoporosis. Also, thyrocalcltonln combined with calcium
infusions had no advantage over calcium infusions alone. Whereas calcium
Infusion suppressed cyclic AMP excretion, TCT increased It in 2 of 3 patients,
suggesting a secondary stimulation of parathyroid hormone secretion. When TCT
and calcium infusions were given concurrently cyclic AMP excretion decreased.

Data are presently being collected on the effect of TCT on cyclic AMP
excretion in hypoparathyroidism. If our theory of secondary PTH stimulation
is correct, these subjects should show no effect of TCT on urinary cyclic AMP.

Those patients whose cAMP excretion was studied after calcium infusion or
combined TCT and infusion were "non-responders". That is, they were among the
50% of osteoporotic patients who went into a more positive calcium balance with
Ca infusions, but did not have a sustained post-treatment effect. Their cyclic
AMP excretion also quickly rebounded to or above control levels. We are
planning to study "responders" to see if the suppression of cAMP excretion is
sustained in these individuals.

Publications

:

1. Lifschitz, M.D., Pak, C.Y.C., Henneman, D. , Jowsey, J., Pilch, Y. and
Bartter, F.C.: Treatment of osteoporosis with calcium infusions. Trans, of
Assoc, of Am. Phys . 83: 254-266, 1970.

2. Bartter, F.C.: Treatment of osteoporosis by calcium infusions. Proc.
Royal Soc. Med. 63: 339-340, 1970.
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Serial No . NHLI-244(c)
1. Endocrinology Branch
2. Section on Mineral

Metabolism
3. Bethesda, Maryland

PHS-NIH
Individual Prolect Report

Julv 1, 1970 through June 30, 1971

Project Title: Studies in calcium and nhosohorus metabolism. VIII. Clinical

aoolications of thyrocalcitonin (TCT)

.

Previous Serial Niimber: NHLI-119(c)

Princinal Investigators: Middler, S., M.D., Pak, C.Y.C, M.D. , and Bartter,

F.C. , M.D.

Other Investigators: Delea, C.S. and staff

Cooperating Units: Murad , F. , M.D. , University of Virginia, Charlottesville.

Project Description:

Obiectives

:

Thyrocalcitonin (TCT) is presently being used to treat Paget 's disease
of bone, hypercalcemia, and is being evaluated in the treatment of osteoporosis
(see studies in Ca and P Metabolism. VI. Treatment of osteoporosis with Ca

infusions and thyrocalcitonin) . The mode of action of TCT per se must be

separated from any secondary stimulation of parathyroid hormone which it may
induce.

Methods Emploved:

Patients with hypoparathyroidism are given TCT (2 MRC units/mg/d) for
short courses and the gastrointestinal absorption of calcium is determined
by means of an external counting technique. In addition, chancres in urinary
calcium, P and cyclic AMP excretion are followed.

Maj or Findings

:

Two patients with hypoparathyroidism have been studied. TCT increased
fractional calcium absorption from 57 to 63% and from 36 to A3%.

Future studies

:

The above series will be extended, but the results suggest that TCT may
augment calcium absorption from the gut independent of any parathyroid function.
This raises the ouestion of whether previous demonstration of augmented Ca
absorption by parathyroid hormone was due to TCT stimulation. Patients with
total thyroidectomies will be studied to see if narathyroid extract increases
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their Ca absorption.

Publications:

NHLI-244(c)

1. Wills, M.R. , Wortsman, J., Pak, C.Y.C., and Bartter, P.C.: The
role of parathyroid hormone in the gastrointestinal absorption of calcium.
Clin. Sci. 39: 89-94, 1970.

2. Wills, M.R., Zisman, E., Wortsman, J., Evens, R.G., Pak, C.Y.C.,
and Bartter, F.C.: The measurement of intestinal calcium absorption by ex-

ternal radioisotope counting: Application to study of nephrolithiasis.
Clin. Sci. 39: 95-106, 1970. 1
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Serial No. NHLI-245
1. Endocrinology Branch

2. Section on Mineral
Metabolism

3. Bethesda, Maryland

PHS-NIP
Individual Proiect Renort

Julv 1, 1970 through June 30, 1971

Proiect Title: Studies in calcium and nhosnhorus metabolism. IX. Effect of

diuretics.

Previous Serial Number: None.

Principal Investigators: Mlddler, S., M.D. and Pak, C.Y.C., M.D.

Other Investigators: Delea, C.S. and staff

Project Description:

Objectives:

Thiazide diuretics are widely used to treat hynercalciuric disorders

associated with renal stones. This dose of drugs has been observed to decrease

calcium excretion by 20-40%. The mechanism of action is obscure since most
diuretics increase calcium excretion. This study is designed to help elucidate
this mechanism, and to evaluate various diuretics in the treatment of hyper-
calciuric disorders of different etiologies.

Methods Employed:

Normal volunteers and oatients with hynercalciurla (osteoporosis, hyper-
and hypoparathyroidism, sarcoidosis, idiopathic hypercalciuria) are admitted
to the Clinical Center for 2-4 weeks. They receive a constant metabolic diet
of known composition. Urinary excretions of Ca, P, Na, K and cyclic AMP are
followed. The last mentioned is believed to reflect the action of parathyroid
hormone on the kidney. In addition blood is collected for assay of parathyroid
hormone and thyrocalcitonin at a later date.

An estimation of the solubility product ratio with respect to brushite of
the subject's urine is also made before and after treatment. Brushite is be-
lieved to be the nidus for the formation of calcium-containing renal stones.

Major Findings:

Control subjects decreased their urine calcium excretion by 24 to 38% on
the fourth day of thiazide administration. Results in three patients with
hypoparathyroidism on day 4 were -6%, -9% and +20% of the control. This
suggests that thiazide diuretics affect urinary calcium excretion through a
parathyroid-dependent mechanism.
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NHLI-245
Chlorothiazide, when given in a small dose to a hyoercalcemic patient,

caused a transient reduction in calcium excretion, but because of an increase

in urinary pH, the activity product ratio actually increased. This may have

been due to a carbonic anhvdrase inhibition of the drug and prompted the study

of other diuretics.

Furosemide in a dosage sufficient to cause a negative sodium balance

eauivalent to that produced by thiazides was found to have no effect, or

actually to increase calcium excretion in two normal volunteers. This implies

that negative salt balance ner se is not the stimulus for renal calcium con-

servation.

Triamterene was given to two patients with nrimarv hyperparathyroidism.

In one it had essentially no effect on calcium excretion, although inducing a

negative sodium balance of about 200 mEq . In the other natient, a fall in

calcium excretion of about 30% occurred by the sixth dav of treatment.

One patient with hvpoparathyroidism was given Aldactone, 200 mg/day which

increased urinary calcium excretion from 236 to 340 mg/d. Chlorothiazide was

then given which decreased Ca excretion to 273 mg/d. This was probably due to

a fall in filtration rate since creatinine clearance fell from 110 ml/min. to

64 ml/min. The serum calcium ranidly increased from 10.3 to 12.6 rag% after

three days of chlorothiazide. This study suggests that chlorothiazide has a

non-renal effect on calcium metabolism, which is not dependent on parathyroid

function. Alternatively, the results may represent an increase in calcitim

absorption or bone resorntion due to aldactone which could not be suppressed

when renal calcium excretion was impaired by falling filtration rate.

Urinary cyclic AMP excretion has been measured in some patients receiving

diuretics. In a patient with primary normocalcemic hyperparathyroidism and

another with hypoparathyroidism there was no change in urinary cAMP with
thiazide. Data are currently being collected on subjects with intact parathy-
roid function.

Publications

:

None.
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Serial No. NHLI-246(c)

1. Endocrinology Branch
2. Section on Mineral

Metabolism
3. Bethesda, Maryland

PHS-NIH
Individual Proiect Report

July 1, 1970 through June 30, 1971

Project Title: Studies in calcium and phosphorus metabolism. X. Normocalcemlc
orimarv hyperparathyroidism.

Previous Serial Number: NHLI-120(c)

Principal Investigators: Pak, C.Y.C., M.D. and Bartter, F.C., M.D.

Other Investigators: Delea, C. and staff

Cooperating Units: Wells, S., M.D. and Ketchara, A., M.D., Surpery Branch,
NCI; Tashilan, A., M.D. , Boston, Mass.

Project Description:

Obiectives:

The diagnosis of primary hyperparathyroidism in the vast maiority of
cases is based on the finding of an elevated serum calcium concentration with
subseouent exclusion of all other causes of hypercalcemia. However, this
entity, particularly when associated with renal stones, mav present with serum
calcium concentrations that are within the normal range. The purpose of this
study is to examine the pathophysiology and the diagnostic criteria, and to
assess the effect of parathyroidectomy.

Methods Employed:

1. Calcium Infusion test. This consists of an intravenous infusion of
calcium (15 mg/Kg) over a 4-hour period i^^hile on a constant diet. Urinary P
and Plasma PTH and TCT are monitored.

2. Plasma concentrations of PTH and TCT.

3. Urinary excretion of cyclic 3', 5' adenosine monophosphate (cAMP)

.

4. Gastrointestinal absorption of calcium.

5. Urinary activity product of brushite.
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Major Findings:
NHLI-246(c)

Twenty cases of normocalcemlc orlmary hvperparathvroidlsm have been
followed. Preoperatively, they show normocalcemla, normophosphatetnia, normal
sennn alkaline phosphatase activity, and no obvious bone disease, except in

one with osteoporosis. In addition, they show 1) hvpercalciuria (urinary
calcium of greater than 200 mg/d on a 400 mg Ca diet) , 2) elevated plasma PTH
in four in whom it was measured, 3) elevated plasma TCT in some (4/6), 4)

enhanced gastrointestinal absorption of calcium, 5) sunersaturation of urine
with respect to brushite, and 6) an abnormal response to an intravenous
infusion of calcium compatible with an "autonomous" hvpersecretion of PTH.

Following removal of parathyroid adenoma or hyperplasia, the above ab-

normal findings return towards normal. Subjectively, the patients cease to

form renal stones.

Publications:

1. Sanzenbacher, L.J., East, D.A., Pak, C.Y.C., and Bartter, F.C.:

Preoperative and postoperative evaluation of patients with normocalcemlc
primary hyperparathyroidism. Surgical Fortmi 21: 1970.
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Serial No. fjvcf .l-9Al(c)

1. Endocrinology Branch

2. Section on Mineral
Metabolism

3. Bethesda, Maryland

PRS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies in calcium and phosphorus metabolism. XI. Calcium

Infusion: diagnostic value, physiological consequences and

eftect on calcium homeostasis.

Previous Serial Number: NHLI-123(c)

Principal Investigators: Pak, C.Y.C., M.D. , Sanzenbacher , L. , M.D. and

Bartter, F.C. , M.D.

Other Investigators: Deiea, C. and staff

Cooperating Units: Murad, F. , M.D., U. of Va., Charlottesville, Va., and

Amaud, C, Ph.D., Mayo Clinic, Rochester, Minn.

Project Description:

Objectives:

The secretion of PTH and TCT is normally regulated by the serum concen-
tration of circulating calcium ion. An increase in serum calcium concentra-
tion inhibits the secretion of PTH and stimulates that of TCT. A reduction
in serum calcium concentration stimulates the secretion of PTH and inhibits
that of TCT. The puroose of this study is to examine in detail the various
consequences of induced hvpercalcemia resulting from calcium infusion, e.g.,
effects on mineral metabolism and changes in calcium homeostasis dependent
on PTH and TCT.

Methods Emnloved:

(A) Calcium infusion test was performed as follows. The patient was
placed on a constant diet for four days. On day 3, he received calcium (15
mR/k?) intravenously over four hours from 9 AM to 1 PM. Urine was collected
in 12-hour samoles from 9 AM to 9 PM, and from 9 PM to 9 A>f. Urinary Ca, P,
hydroxyproline and cyclic AMP were determined.

Plasma PTH (immunoreactive) was measured before and after 4 hours of
calcium infusion on the Infusion day. More frequent measurements were made
in selected patients.

(B) Effect of calcium infusion on the secretion of PTH and TCT was
measured by the determination of urinary cyclic AMP and hydroxyprolines and
by serum concentrations of TCT and PTH (by Immunoassav) ,
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Major Findings:
NHLI-247(c)

(A) Diagnostic value of calcium infusion. One of the freauently used

tests for the diagnosis of hvnerparathvroidism is the calcium infusion test.

In hyperparathyroidism, the secretion of PTH is autonomous of normal control

by changes in serum calcium concentration. Thus PTH secretion is not inhibit-

ed by calcium infusion. In the classical calcium infusion test, urinary P is

used as a measure of parathyroid function. The failure of calcium infusion

to suppress urinary excretion of P is regarded as an abnormal response.

Unfortunately, the classical calcium infusion, test is subject to errors

due to the non-specific effect of calcium infusions. An increase in the serum

concentration of calcium resulting from calcium infusion Increases the renal

clearance of P, independently of PTH or TCT.

A modified calcium infusion test was devised which overcomes the non-
specific effect of calcium infusion. It was noted that the period of hyper-
calcemia after a 4-hr. calcium infusion is usually less than 12 hours. The

urinary P excretion during the second half of the Infusion day is compared with
that of the second half of the control day. Among normal subjects, the de-
crease in urinary P excretion was 51.5+16.7 (S.D.)%. For 20 patients with
hyperparathyroidism, the change in urinary P was -7.7 + lA.l (S.D.)%; all the
values vrere above the mean + S.D. of the normal subjects. After parathyroid-
ectomy, the change in urinary P was similar to that of normal subjects (-57.6
+ 18.8% (S.D.)).

w

The validity of the modified calcium infusion test was verified by
serum PTH. Thus, in control subjects, PTH secretion was suppressed for more
than 24 hours following calcium infusion. In contrast, patients with hyper-
parathyroidism show only a transient fall or no decrease in PTH secretion.

(B) Effect of calcium infusion on PTH activity. There Is considerable
evidence that calcium infusion normally causes a prolonged suppression of PTH
secretion. First, after a single A-hr. calcium infusion, urinary excretion of
P and P clearance is suppressed for 12 hours after the serimi calcium concentra-
tion returns to the preinfuslon values. This conclusion was confirmed by
direct radioimmunoassay of PTH. Secondly, after multiple calcium infusions
(as in the treatment of patients with osteoporosis), there Is a sustained de-
crease in serum Ca and P, and in the urinary excretion of total hydroxyproline
and cAMP. This is probably the result of endogenous PTH and TCT since it is
not observed in patients without thyroid and parathyroid glands. It is postu-
lated that calcium homeostatlc mechanism, dependent on PTH and TCT, may be
altered by prolonged calcium Infusions. This may have therapeutic significance
in those conditions which result from an imbalance in the secretion of PTH and
TCT, such as idiopathic osteoporosis.

Publications:

None.
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ANNUAL REPORT OF THE
LABORATORY OF CHEMISTRY

NATIONAL HEART AND LUNG INSTITUTE
July 1, 1970 through June 30, 1971

The laboratory of Chemistry continues to pursue instrumental approaches
to organic structural analysis. The group is increasingly convinced that
classical chemical degradative approaches to structure are today seldom
justifiable. For this reason, the laboratory has acquired the latest in high
resolution nuclear magnetic resonance equipment (Varian XL-lOO) and is in the

process of setting up an X-ray diffraction section under Dr. J. V. Silverton.

In collaboration with him three members of the laboratory are completing X-ray
structural analyses of (1) an oxidative dimer of trimethylphloroglucinol, (2)

a mold pigment, and (3) an alkaloid of unusual structure. The X-ray facility
will also have provision for low-angle scattering experiments on protein
solutions

.

Thus our present approach to structural analysis of a natural product,
drug metabolite, or biochemical intermediate is as follows:

1. Procurement of the mass spectrum to determine formula and molecular
weight (if applicable, gas chromatography-mass spectrometry is used to assure

purity) . In many cases the molecular weight peak is vanishingly small and the

spectrum may be exceedingly complex. When this occurs, chemical ionization
mass spectroscopy, extensively developed in this laboratory, usually provides

the molecular weight as well as considerable structural information.

2. When enough material is available, high resolution nmr may provide,

with ms data, a complete structural analysis unless a totally new type of

carbon skeleton is at hand. Sensitivity is not high ('^' 100 yg) but Fourier

transform methods considerably reduce the amount required. Use of ^-^C nmr,

with 13c of natural abundance sheds light directly on the carbon skeleton it-

self and we intend to conduct considerable research in this area because of

its obvious potential.

3. Finally, when the sample does not yield to the above rapid techniques

an effort is made to purify and crystallize the product for a complete X-ray

structural analysis.

In the past year members of the laboratory, either alone or in col-

laboration with others, have:

1. Studied the application of the europium shift reagent to a series of

keto steroids. Considerable simplification of spectra is observed but each

case must be studied in detail with a range of concentration of reagent.

2. Studied the reaction of imidazole and related compounds with formal-

dehyde to obtain information on the action of chymotrypsin (Dr. M. Marini and

Dr. A. Dunlop, Northwestern University).

3. Evolved a decoupling method for analysis of the substitution pattern

of methoxyls by nmr (Dr. U. Weiss and K. Weisgraber, NIAMD)

.
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4. Studied binding phenomena (with phosphorus nmr) of lysolecithin and

lecithin with their apoproteins.

5. Delineated the constituents of Schinus terebinthifolius Raddi

(Brazilian Pepper tree). This tree, widespread in Florida, is responsible for

considerable dermatitis and respiratory irritation of inhabitants. Important

constituents are masticodienonic acid and the corresponding hydroxy acid.

6. Isolated a new alkaloid from Capsicum frutescens L. Work on its

structure is in progress.

7. Work on "euphorbiasteroid" has been discontinued since its structure

has been revealed by other work to be 6,20-epoxy-lathyrol.

8. The structure of a new triol diterpene from Helichrysum dendroideum

has been elucidated as a kaurene derivative.

9. The structure of the trihexoside accumulated by victims of Fabry's

disease has been revised. It contains an a-galactoside linkage rather than

the p~linkage previously reported by Sweeley et al (Dr. H. Sloan and Dr. D.

Fredrickson, NHLI)

.

10. Nmr investigations of argininosuccinic acid (deposited by victims of
argininosuccinie aciduria) and 4-fluoroglutamic acid have been undertaken to

aid in determining their conformations as they interact with enzymes. The
former has displayed a remarkably rigid form in aqueous solution.

8 14
11. The X~ray structure of A * -7a, 15B, 22a, 23a-tetrachloroergosten

-33yl acetate has been determined by an automatic phase solution method
developed by Dr. J. V, Silverton and I'epresents the first application of the
method to an accentric crystal.

12. Considerable effort has been expended in the design of the new X-ray
facility. A Nonius computer-controlled X-ray diffractometer , VJild-Heerbrug
petrographic and steroscopic microscopes, Buerger precession and Weissenberg
cameras, Dietzgen desk calculator, Siemens low angle scattering diffractometer
and Nonius cryogenic cooling apparatus have been ordered.

13. The structure of gymnamine, a new lycodine alkaloid has been eluci-
dated (G. Kapadia, Howard University).

14. Gigantine, an unusual peyote alkaloid, has been synthesized (G.
Kapadia, Howard U.).

15. A series of new mescaline-derived a-amino acids has been discovered
in peyote (G. Kapadia, Howard U.).

16. A series of aliphatic diamines has been synthesized to test the
quasi-equilibrium theory of mass spectrom.etry in doubly-charged ions and to
correlate charge separation with evolved energy. Evidence for discrete ionic
electronic states has been obtained.
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17, A software package has been written to allow the PDP-8/1 computer to

acquire spectra directly from the LKB g.c.-mass spectrometer and to search a

file for unknowns.

18. In collaboration with N. Law of Suburban Hospital, a procedure has

been developed V7hich utilizes GC-mass spectrometry to aid in the rapid
identification (< 1 hr) of drugs ingested in overdose quantities. Members of

the Laboratory and Mr. Law are available to four local hospitals around the

clock for such analysis. In the past 9 months (July 70-April 71) 73 cases

were investigated and 25 different drugs identified. Eighteen patients had
ingested more than one drug and sometimes as many as six. Two patients died,

one as the result of a fulminating infection, one as a result of a massive
overdose of placidyl. The information is considered very useful by emergency

room personnel and efforts are now being made to simplify the technique and

to shorten analysis time.

In this connection, chemical ionization methods appear to be very
promising. Most drugs give one peak corresponding to their molecular weight
+ 1, and as a result the mass spectrum of a mixture of drugs is enormously
simplified. Because of this, the time-consuming gas chromatograph step can

be eliminated. In 6 recent cases the results were found to be fully satis-
factory .

19. The application of chemical ionization mass spectrometry to peptides
has been investigated with promising results. Excellent spectra were
obtained on the thyroid releasing factor, a tetrapeptide.

20. Chemical ionization spectra of barbiturates have been studied. The

method provides essentially only quasimolecular ions for all barbiturates in

contrast to ordinary electron impact spectrometry where molecular ions are

not observed.

(It
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21. A series of plasticizers (diesters) has been studied with chemical
ionization spectrometry. Using this method, their molecular weight may be
easily determined and even differences in stereochemistry (maleic-fumaric,
etc.) are revealed.

22. Coupling constants and chemical shifts using N nmr have been studied
in detail and correlations with structure derived (T. Axenrod, City College,
N. Y.).

23. Phenylthiohydantoins resulting from the Edman Sequenator have been
analyzed using deuterated internal standards and chemical ionization
spectrometry. A new system has been proposed and will be acquired allowing
semi-automatic analysis by repetitive scanning of a Cl-quadrupole system
(J. Pisano, B. Brewer, NHLI, and V. Aandahl, M. Shapiro, K. L. Ting, DCRT)

.
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Serial No. NHLI-248

1.

2.

Laboratory of Chemistry

3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title:

Project Serial Number:

Principal Investigator:

Other Investigators:

Cooperating Units:

Project Description:

Mass Spectrometry on Doubly-charged Ions

None

Kai-Li Ting, Ph.D., H. M. Fales, Ph. D.

None

None

When a doubly-charged ion splits into two singly-charged ions in the

mass spectrometer, it will give broad dish-shaped metastable peaks. The peak

width indicates the kinetic energy released during the process which should

correlate with the coulumbic repulsive energy between the two charges, so the

intercharge distance can be calculated
the type of

^ , ^^^^

A homologous series of compounds of

were synthesized, using two nitrogens

'3>-(ch)-n(' -

CH,
\,
CH,

serving as the sites of charges. The intercharge distance can be measured
from a chemical model. The kinetic energy released can be measured from
metastable peak width by defocussing. The experimental result indicates that
more complex processes occur simultaneously than simple charge expulsion.
These energy data will give information of several fundamental processes in
mass spectrometry.

Honors and Awards: None

Publications: None
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Serial No, NHLI-249

1. Laboratory of Chemistry
2.

3. Bethesda, Maryland, 20014

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title:

Previous Serial Number:

Principal Investigator;

Other Investigators:

Cooperating Units:

Project description:

Applications of nuclear magnetic resonance to

biochemical or model bio-organic systems.

None

E. A. Sokolcski, B. S.

None

None

During the past year four main projects were begun, each one dealing
primarily with applications of nuclear magnetic resonance to biochemical or

model bio-organic systems.

1. In collaboration with Drs. Weiss and Weisgraber (NIAMD) a study of
methyl esters of aromatic systems was carried out. The investigators had

observed some peculiar intensities of the methyl group in complicated pigment
molecules isolated from natural sources and it was hoped that an explanation
of the intensity discrepancies would lead to a method of assigning structures
of these naturally occurring compounds. A number of substituted anisoles were
examined in the nmr at various concentrations and temperatures. Decoupling
experiments v/ere performed which showed that approximately a 17% increase in

intensity was observed when the ortho proton was irradiated, suggesting a

coupling of this proton with the methyl group of the ether. A discrepancy
still does exist since the original deviation from 100% was 25-28% of other
methyl -ether protons in the pigment and at least one of the model systems.
This 7-11% difference cannot be explained as of this time and further studies
are necessary. A short communication was submitted to Texas A&M nmr News
Letter. The method does seem to hold promise of use in situations where other
techniques may fail

.

2. This project was begun in collaboration with Dr. S. K. Devi (MDB/
NHLI). Preliminary data on phosphorus nmr of lysolecithin and lecithin was
obtained for studies of binding phenomena of apo-protein. With the recent
acquisition of the XL-100-15 spectrometer, more significant data will be
obtained and the work can continue in earnest and as a project of top priority.
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Serial No, MHLI-249

3. In this project the new shift reagent 2,2,6,6, tetramethyl-
heptane-dionate-europium was used to simplify various sterols. Spectra of

progesterone, 11 keto-progesterone, pregnenolone and ergosterol were obtained

and shifts observed. Limited use of the method is seen, mainly where prior

knowledge of expected spectral patterns is available or the unknown is of

fairly simple structure with only one complexing site (OH, NH^, C=fl ... i.e. ,

lone pair of electrons available). The shifts are sometimes more confusing
than enlightening, and difficulties were encountered with sufficient solu-

bility of shift reagent to give complete shift. The paramagnetic character

of the Europium causes broadening of the spectra with loss of resolution. A

new reagent recently available may solve the solubility problem making further

work in the future more feasible.

4. The fourth project which is now awaiting preparation for sub-

mission for publication was done in collaboration with Dr. H. M, Fales of

this laboratory and Drs. Morini and Dunlop of Northwestern University. To

obtain some information of the action of chymotrypin, the reaction of

imidazole with formaldehyde was chosen as a model system. Reactions of

imidazole with aqueous formaldehyde were observed in situ in the nmr

spectrometer at various pH's and temperatures. One of the possible mechanisms,

that of orbital interaction of the imidazole, was shown to be most probably in

error. The nmr showed that the site of interaction was the N-H of the

imidazole.

H2O

The nmr spectra showed a new resonance peak at 5.66 for the N-methylol system,

Basic pH had little effect on the rate while acidic pH <2 caused a decrease
in rate as would be expected from a protonated species:

Variable temperature studies showed that it was possible to observe the

methylol species at low temperature pH'\>7, the resulting spectral appearance

closely resembling that of N-methyl imidazole.

In addition to these four projects, nmr data has been accumulated on

several new natural products of Dr. Lloyd of this laboratory and future experi-

ments are planned.

Publications: None

<t^



Serial No, NHLI-250

1. Laboratory of Chemistry
2.

3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report
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Project Title: Mass Spectrometric Methods of Analysis

Previous Serial Number: None

Principal Investigator: D. J. Pedder, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

A . Computerized Data Collection from the LKB-9000 GLC-MS Combination .

A software package has been written for the PDP8/I and LKB-9000.

It acquires mass spectra, prints out the six largest peaks of each spectrum,
and stores the spectra for later retrieval. The system is designed for

maximum user convenience. It is particularly suited for the identification
of drugs in overdose cases, as investigated here by Drs. Fales and Milne of

this Laboratory together with Norman Law of Suburban Hospital and Virginia
Aandahl of DCRT.

B. CI-MS Analysis of Biological Materials (with Dr. Milne of this

La bora tory and Dr. Creveling of NIAMD).

Dansyl derivatives of amines are particularly amenable to TLC
analysis for biochemical investigations. To minimize maniuplation and enhance

sensitivity, direct mass spectral analysis is promising. Twelve chemical
ionization spectra have been obtained on the modified MS-9. Preliminary
results suggest that direct analysis of mixtures is feasible, as shown previous-

ly for the PTH derivatives of peptides.

Future Course : The software package will be extended by including a

calibration routine, and adapting the current version of the poison file
search program written by V. Aandahl (DCRT).

A less expensive, computerized CI-MS system is on order. It is expected
that reprogramming it will be shared with Dr. Kai-Li Ting (DCRT). Once the
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system is operational, the method will be used on PTH peptides, dansyl

amines, permethylated peptides and other compounds of biological interest.

Honors and Awards: None

Publications: None
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PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: X-ray Crystal lographic Structural Studies of

Natural and Synthetic Compounds

Previous Serial Number: None

Principal Investigator: J. V. Silverton, Ph. D.

Other Investigators: None

Cooperating Units: None

Project Description:

Structural studies initiated before this reporting period have been

continued and/or completed.

The structure of symmetrical cedrone (with H.M. Fales and J. Beisler,
NIAMD) has been completed and the results are in press.

The structure of ruthenium red diamine hydrochloride has been
completed (with P.M. Smith of Georgetown University) and the results are in

press. This compound is related to the polysaccharide staining material
ruthenium red and the structure should be helpful to an understanding of its

action.

The structure of astrocasine (with H. A. Lloyd, NHLI and W. M. Bright,
Georgetown University) is in the final stages of refinement and confirms Or.
Lloyd's chemical deduction of the structure.

The structure of A^' '^-7a,15p,22a,23a tetrachloro ergonsten-3p-yl
acetate (with P.M. Smith, Georgetown) is in the final stages of refinement.
This structure, besides being of chemical significance because of its large
O.R.D. effect, is also interesting in that it was solved by an essentially
completely automatic phase solution method developed by the author and
associates and represents the first solution by this method for an acentric
crystal

.

Data collection for cortisin (provided by Drs. K. Weisgraber and U.
Weiss of NIAMD) is in progress and should be complete very soon. It is
intended that this compound should be a first test of a new phase solution

1 6^e
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program.

Considerable work has been carried out in developing the use of the
symbolic addition method of Karle and Karle including the program referred to

above: "Phase 2A". This has been tested on the known structure of symmetrical
cedrone and has worked successfully. Work has also been carried out on the
implementation of H. Hauptman's recent work on the phase solution for acentric
crystals and is currently being tested on the very difficult problem of
camphor qui none.

Much time has been spend on planning an X-ray crystal lographic labora-
tory and the selection of instrumentation. It is hoped to have a versatile
as possible data collection methods with reference especially to studying
crystals only available at low temperatures as well as more normal crystals.

Honors and Awards: None

Publications:

Tsay, Y. H., Silverton, J. V., Beisler, J. A., and Sato, Y.: The structure
of carpesterol . J. Amer. Chem. Soc . 92: 7005 (1970).

Langs, D. A., Silverton, J. V., and Bright, W. M.: The crystal structure
of dimethyl sulfone. Chem. Commun ., 1653 (1970).

Smith, P. M., Silverton, J. V., and Early, J. E.: The structure of
ruthenium red. Inorg. Chem. , In press (1971).

Beisler, J. A., and Silverton, J. V.: The crystal and molecular structure
of symmetrical cedrone. Acta CrySt ., In press (1971).

Beisler, J. A., Silverton, J. V.,Penttila, A., Horn, D. H. S., and Fales,
H.M.: The structure of the "Synmetrical Cedrone. J. Amer. Chem. Soc ,

93, In press (1971).
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Project Title: The Application of Mass Spectrometry to Problems
in Biochemistry

Previous Serial Number: NHI-233

Principal Investigator: G. W. A. Milne, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Work has continued on the technique of chemical ionization mass
spectrometry. The design and performance characteristics of the MS-9 high
pressure source have been established and the acquisition of a second chemi-
cal ionization system is in progress. Some exploratory work has been done in
the area of negative ion chemical ionization mass spectrometry. It appears
that the familiar reactions of carbanion chemistry can be studied in this way
and more work in this area is planned.

The chemical ionization mass spectra of peptides have been found to
give a great deal of sequence inforirift tion. A computer program that automati-
cally deduces a sequence from the mass spectrum has been developed and is in
use. Peptides containing up to eight residues can be handled in this manner
and if the amide nitrogens are methylated, larger peptides containing fifteen
residues can often be sequenced very easily by this method.

Chemical ionization mass spectrometry is a wery useful technique for
the identification of dansyl derivatives of amines. The method is being used
to identify the components of mixtures of amines derived from various tissues.

Honors and Awards: None

Publications:

Kiryushkin, A. A., Fales, H. M., Axenrod, T., Gilbert, E. J., and Milne, G.

W- A.: Chemical Ionization of complex molecules, VI. Peptides. Organic
Mass Spectrometry , 5, 19 (1971).
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July 1, 1970 through June 30, 1971

Project Title: The Chemical Investigation of Biochemical Reactions.
] ^

Previous Serial Number: NHI-232 i r'

Principal Investigator: G. W. A. Milne, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

15
The nmr spectra of compounds labeled with the stable isotope N

continue to receive attention. In anilines, the '^N-H coupling and the '^N

chemical shift are related to the Hammett constant and in addition a three
bond coupling between 15|\| and the ortho protons has been discovered.

The chemical ionization mass spectra of a series of plasticizers have
been measured and analyzed. Plasticizers, it has been found, can be identified
with some confidence by this method and they have been found frequently in

serum and in stomach contents of individuals. Attempts are being made to

identify the origin of the plasticizers.

Honors and Awards: None

Publ ications:

Axenrod, T., Pregosin, P. S., Wieder, M. J., Becker, E. D., Bradley, R. B.

and Milne, G. W. A.: Nitrogen-15 nuclear magnetic resonance spectroscopy.
Substituent effects on '^N-H coupling constants and nitrogen chemical

shifts in aniline derivatives. J. Amer. Chem. Soc, 95, In press, 1971.
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PHS-NIH

Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The Use of Digital Computing in Problems in

Biochemistry

Previous Serial Number: NHI-231

Principal Investigator: H. M. Fales, Ph.D., G. W. A. Milne, Ph.D.,

V. Aandahl, B. S. and Kai-li Ting, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

An adequate file of electron impact mass spectra of some eighty drugs has
been completed. A program to search this file has been written and has been
in use for several months. The method has been used on a routine basis for
nearly a year and has been very successful . About ninety overdose cases have
been handled, mainly from Suburban Hospital, but also from Holy Cross, George
Washington University Medical Center and Georgetown University Hospital.
Accurate identification of the drugs involved has been possible in every case.

In order to effect faster identification of the drugs and also to lower
the cost of the instrument, the chemical ionization mass spectra of some fifty
drugs have been measured. As expected, these spectra consist generally of only
one ion and so a computer is no longer essential to search the file. With
such simple spectra, prior gas chromatographic separation of the components
of a mixture is not necessary and the gas chromatograph can be eliminated.

Once the various compounds are in the mass spectrometer the mass
spectrum is usually scanned. If, instead of a continuous scan, the
spectrometer is switched from one mass to another, the whole process can be
speeded up and since the identity of the compound follows from the switch
settings of the mass spectrometer, there is no data handling to be done. This
technique is successful in the identification of drugs and also of PTH amino
acids formed by Edman degradation of proteins. Much of this work has been
done manually and plans are now underway to acquire a quadrupole mass
spectrometer which will be developed along these lines.

^r>-
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Honors and Awards: None

Publications:

Aandahl, Virginia, Fales, Henry M., Law, Norman C, and Milne, G. W. A.:

Identification of dangerous drugs by mass spectrometry. Clinical Chemica

Acta . 32, 221 (1971).

Fales, H. M. Nagai, Yumiko, Milne, G. W. A., Brewer, H. Bryan, Jr., Bronzert,
Thomas and Pisano, John: The use of chemical ionization mass spectrometry in

the analysis of the amino acid phenyl thiohydantoin derivatives formed during
the Edman degradation of proteins. Anal . Biochemistry , In press, 1971.

Fales, H. M., Milne, G. W. A., and Axenrod, T.: Identification of barbiturates
by chemical ionization mass spectrometry. Anal . Chem. , 42, 1432 (1970).
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Project Title: Characterization of Natural Products

Previous Serial Number: NHi-230

Principal Investigator: H. A, Lloyd, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Determinations of structure of Natural Products .

Schinus terebinithifolius Raddi . This tree, also called Brazilian
pepper tree and Florida Holly, is widely spread through Florida. First
introduced as an ornamental tree in the south of Florida, it has invaded the

central and northern parts of the state and ii has now become an unwelcome
species. Dermatitis, respiratory and eye irritations have been blamed on its

flowers and berries. The berries are also said to exert a paralyzing effect
on birds upon ingestion. We are investigating the chemical constituents of

the berries and attempting to determine what principles are responsible for
these physiological actions. We have isolated a large number of sesqui-
terpenes and two pure crystalline triterpenes. These were characterized as

the previously known compounds: masticodienonic acid (I) C30H48O3 and the
corresponding alcohol -acid (II)

I R =

II R = H

OH

-7
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Other, more polar, materials have been isolated but they are still in an im-

pure state. They appear to be triterpene acids or polyacids. We are also

working on the isolation and structure of the coloring matter of the red

berries.

Euphorbia lathyris . A crystalline sample (30 mg) of "euphorbiasteroid"

was isolated and sent to us by Dr. Chakravarti (Indian Institute of Experi-

mental Medicine, Calcutta). We have characterized the compound as a diterpene

alcohol , ,6, 20-epoxylathyrol , which structure was determined recently through

the collaboration of german, russian and french laboratories.

Capsicum frutescens L .(Bell pepper, green pepper). A phenolic alka-

loid reported to exist in the plant in trace amounts has been isolated.

Work on its structure is in progress.

Cicadas (1 7-Year locusts ). The discarded shells of the larvae of these

insects have been extracted and yielded only a mixture of fatty acids to date.

Helichrysum dendroideum . The work on the constituents of this plant

was continued. The structure of a new triol diterpene was derived mostly

from nmr evidence

^

CHgOH

CHoOH

Astrocasia phyllanthoides .

1) The conformations of the tricyclic degradation products (IV, a-d)

of the main alkaloid astrocasine have been studied by nmr spectroscopy

IV

R^^ = H

R^ = CH3

CH,

Ri = H

R2 = CH2OH

Jr^ = CH2OH

Ro = H

^rs-
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!) Work on the X-ray crystal structure of astrocasine

IVe R^ = H R^

CH3

O
with Dr. J. V. Silverton has been pursued. The present results confirm the

structure originally assigned through chemical degradation and reactions.

Metabolites of the drug MK 266 .

OH

CH. — —
rr''''^^^^^^^|— CH —

CI
>*. u

^2
CHCH,

This study in collaboration with Dr. H. Keiser (ET/NHLI) was initiated recent-
ly and no definite results have been achieved to date.

Work will be continued on all of the above projects.

Honors and Awards: None

Publications: None
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Previous Serial Number: NHI-229

Principal Investigator: R. J. Highet, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

1. In collaboration with Dr. Howard Sloan (MDB/NHLI), the glycoside
linkages of glycol ipids have been studied by nmr spectroscopy. By compari-
son with glycosides of known stereochemistry the nmr spectra of the intact
glycol ipids reveal the stereochemistry of these linkages; trihexoside
accumulated by victims of Fabry's disease contains an a-galactoside and is

not the all -6 form previously reported.

A generally useful method of releasing the glycosides intact from the
ceramide residue has been sought, so far without success.

2. In collaboration with Dr. Peter Goldman (A&R/NIAMD), an investiga-
tion of the nmr parameters of the isomers of 4-fluoroglutamic acid has been
initiated. As these materials are known to serve as enzyme substrates, this
study offers the possibility of determining the shape they assume when bound
to an enzyme surface.

3. In further collaboration with Dr. Goldman, a study has been
commenced of the chemistry of argininosuccinic acid, a material deposited by
victims of argininosuccinic aciduria. Nmr spectra of the model substance,
guanidinosuccinic acid, suggest that the material retains a remarkably rigid
form in aqueous solution.

4. Early investigations of the utility of the XL-100 NMR spectrometer
have revealed a design fault which must be corrected or circumvented to allow
effective study of fluroaliphatic compounds. ^\ studies have been shown
impracticable without decoupling equipment.
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Future Course of Project:

1. Degradative methods providing intact glycosides from glycolipids

in quantities suitable for nmr studies (ca_. 1 mg.) will be sought. The

investigations into the chemistry of argininosuccinic acid and the fluoro-

glutamates will be continued.

2. With the delivery of decoupling equipment for the XL-100

anticipated in the summer of this year, exploitation of ^^c nmr will be

commenced by the study of the chemical shifts of phenol anions, methyl cyclo-

hexane diols, and the various anhydrides of arginiosuccinic acid.

Honors and Awards: Appointed to Board of Editors of the Journal of Organic

Chemistry.

Publications: None.
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of Natural Products
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Principal Investigator: G. S, Rao, Ph.D. with H. M. Fales, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

I. Structure elucidation of gymnamine, a new Lycodine alkaloid .

The Indian medicinal plant, Gymnema sylvestre R. Br. (Asclepiadaceae )

is known to contain a hypoglycemic principle and the crude drug is being
used in the treatment of diabetic patients in India. During a preliminary
investigation of this active principle, Sinsheimer and Mcllhenny ( J. Pharm.
Sci . 56 , 732 (1967)) isolated a nonqua ternary, nonphenolic alkaloid and
partially characterized it. We have now studied the chemistry of this new
alkaloid, designated gymnamine and have assigned structure I to the compound
based upon its infrared, nmr, and mass spectra. The lycodine skeleton has

(I) (ID

been confirmed by degradation of gymnamine to the known alkaloid, lycodine
(IT). The presence of uncotmion propionic acid moiety (in ester linkage) has

AS-^
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also been con-firmed b}' base hydrolysis and its identification as methyl

propionate by GC-mass spectrometry.

This appears to be the first example of lycodine-type of alkaloid
known to occur outside the Lycopodiaceae family. Gymnamine and related
lycodine alkaloids are being tested for hypoglycemic activity at the Univer-
sity of Michigan.

II. Total synthesis of (±)-Giqantine (with Dr. G. J. Kapadia, Howard
University) .

In support of our recent revised structure for gigantine(III), a hallu-

cinogenic alkaloid from the cactus Carnegia qigantea , we have now synthesized
(j-J-gigantine by a route different from that employed by us for the synthesis
of (+)-0-methyl-gigantine (IV). The requisite intermediate VII was obtained

CH3C-^^'^ ^^

(V)

(VI) (VII) (HI) R = H

(IV) R = CH3

beginning with either acetophenone V or phenol VI. The cyclization of VII
furnished a Schiff 's base which was quaternized with methyl iodide, reduced
with sodium borohydride and hydrogenolyzed to afford (+)-gigantine in an
overall yield of 34 percent. The synthetic base (III) was found to be
Identical with the natural alkaloid by tic, glc, infrared, nmr, and mass
spectrometry.

m
•

Identification of mescaloxvlir acid and mescaloruvic acid,
owo novel amino acid a nalogs of mescalinefTn the peyote cactus (with Dr G.
J. Kapadia, Howard University).

•^ .^- l^.^
continuation of our studies on the peyote constituents, we have

Identified two new amino acid analogs of mescaline in the amino acid fraction
of the cactus. The two novel compounds have been designated mescaloxylic
(VIII) and mescaloruvic acids (IX) which are glycine and alanine analogs of

660



Serial No. NHLI-257

mescaline, probably formed via^ reductive deamination in the plant. The

I
^-

CHgO-^^^ HN-CH

I COOH
OCH3

(VIII) R = H

(IX) R = .CH-

identification of the two acids was accomplished by gc-mass spectrometry of
their TMS derivatives and by comparison to the synthetic reference compounds
The isolation of the new compounds was carried out by preparative paper
chromatography.

The two new amino acids identified in peyote are in contrast to the
cyclic analogs (X) and (XI) recently reported by us. We have demonstrated

-r-

I n>

I
-

^1 1

^
(X) R = H

CH.(K''^V> (XI) R = CH

rooH

earlier the involvment of the cyclic compounds (X) and (XI) in the biogenesis
of tetrahydroisoquinoline alkaloids of peyote. We are currently investigating
the possible role of the open-chain compounds (VIII) and (IX) in the bio-
synthesis of peyote alkaloids, e. g ., N-methyl -mescaline (XII) and peyo-
phorine (XIII) which could result via reductive decarboxylation. The cycliza-

CH3O HN- CH, N-CH2-CH3

(XII)
(XIII)

tion through pyruvate conjugation of the decarboxylated product of IX could
lead to the unusual N-ethyl alkaloid (XIII).

a/
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Projects in Progress:

I . Structure elucidation of agaricusterol, a novel fungal metabolite .

Additional chemical and spectral investigations of agaricusterol have

confirmed the tentative structure (XIV) previously designated by us. Work is

in progress to degrade chemically agaricusterol to a known reference compound.

C=0

II. Structure elucidation of gymnemic acid, the centisweet and anti-

viral principle of Gymnema sylvestre (with Prof. J. E. Sinsheimer, The
University of Michigan)^

In continuation of our investigation of gymnemic acid, we are now in

the process of obtaining additional confirmatory proof for the proposed
structure (XV) for the active principle.

CH2OR3

6-D-glucuronic acid

isovaleryl

R3 = tiglyl

R, = formyl

R5 = acetyl

U>
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III. Biosynthesis of peyote alkaloids (with Dr. G.J. Kapadia, Howard
University) .

Investigations designed to elucidate the biosynthetic pathways lead-

ing to various peyote alkaloids are in progress. This involves synthesis of

radioactive precursors, feeding to intact plants, and isolation and chemical

degradation of the target products.

IV. Isolation and structure elucidation of constituents from the

Brazilian Pepper (with Dr. H.A. Lloyd of this Laboratory) .

We are currently investigating the constituents of Brazilian pepper

with special emphasis on polar constituents and coloring pigments.

Honors and Awards: None

Publications:

Rao, G. S.: Identity of peyocactin, an antibiotic from peyote ( Lophophora

williamsi ), and hordenine. J. Pharm. Pharmacol . 22, 544 (197077

Kapadia, G. J., Fayez, M. B. E., Sethi, M. L., and Gao, G. S.: Synthesis of

the tetrahydroisoquinoline alkaloids (+)-terpenine, tehaunine and (j:)-o-

methylgigantine and revised structure of gigantine. Chem . Commun ., 856 (1970]

Kapadia, G. J., Rao, G. S., Leete, E., Fayez, M. B. E., Vaishnav, Y. N., and

Fales, H. M.: On the origin of carbon 1 in tetrahydroisoquinoline alkaloids.

J. Amer. Chem. Soc , 92, 6943 (1970).

Kapadia, G. J., Rao, G. S., Fayez, M. B. E., Chowdhury, B. K., and Sethi, M.L.

Total synthesis of (+)-gigantine. Chem. Ind. (London), 1593 (1970).
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Principal Investigator: H. M. Fales, Ph.D.

Other Investigators: None

Cooperating Units: None

Project Description:

Chemical ionization (CI) mass spectrometry continues to be studied in

detail as it pertains to substances of biological origin. Thus, the simplifi-

cation of spectra in the molecular weight region have allowed us to develop a

new method for emergency drug identification and the analysis of PTH amino-
acid derivatives in conjunction with the Beckman peptide sequenator. We have

shown that peptides themselves are easily studied by CI methods, although the
real difficulties usually surround the preparation of satisfactory derivatives,
In the case of the thyroid releasing factor (TRF), the method worked well and
provided excellent data relating to its structure (D. Desiderio, Baylor Univ.),

Artifacts (plasticizers, etc) are a continual source of trouble in

extending mass spectrometry to lower levels in biological samples and we have
recently applied mass spectrometry to their identification with very satis-
factory results, particularly in the case of the phthalate esters.

Use of combined GC-MS has been fruitful in many areas at NIH and we
have extended our previous studies on insect pheremones (M. Blum, Univ. of
Georgia) to trail substances of the Manica beetle and Chrysomela larvae.
Useful attractants (and repellents) may come from this work.

The metabolism of dapsone and ritalin are both being investigated (P. G

Dayton, Emory University) by GC-mass spectrometry and chemical ionization.
Incorporation of radioactivity into urea has been observed in the former case.

Future Work:

A new chemical ionization-computer-quadropole mass spectrometer system,
including a gas chroma tograph, will be applied to the PTH analysis and other

<^



Serial No. NHLI-258

problems. Installation of a Fourier Transform nmr and ir system should assist
us in development of a technique to allow infrared spectra to be run on GC

eluates of biologically important compounds. Drug metabolism and insect
pheremones studies will both be greated assisted by these capabilities.

Honors and Awards: None

Publications:

Herndon, J. H., Jr., Steinberg, D., Uhlendorf, B, W., Fales, H. M.: Refsum's
disease. Characterization of the enzyme defect in cell culture. J. Clin.

Invest. 48: 1017-32 (1969).

Greten, H., Levy, R. I., Fales, H. M., Fredrickson, D.S.:On the positional

specificity of Lipoprotein Lipase. Atherosclerosis : Proceedings of the

Second International Symposium : 200-4 (1970)

.

Kapadia, G. J., Fayez, M. B, E., Vaishnav, Y. S., Rao, G. S., and Fales, H.M.:

On the origin of the C-1 carbon in tetrahydroisoquinoline alkaloids, J. Amer.

Chem. Soc, 92: 6943-51 (1970).

f+

Perel, J. M., Cunningham, R., Fales, H. M., and Dayton, P. G.: Identification
and quantitation of probenicid metabolites in man. Life Sciences , 9: 1337-

1343 (1970).

Fales, H. M., Milne, G. W. A., and Axenrod, T.: Identification of barbiturates
by chemical ionization mass spectrometry. Anal . Chem ., 42: 1432-35 (1970).

Beisler, J. A., Silverton, J. V., Penttila, A,, Horn, D. H. S., and Fales, H.

M.: The structure of the "Symmetrical Cedrone". J. Amer. Chem. Soc , In

press (1971).

Fales, H. M.: Newer ionization techniques. In Milne, G.W. A. (Ed.): Mass

Spectrometry, 1970. New York, N.Y., John Wiley & Sons. In press, 1971.

Fales, H. M., Nagai, Y., Milne, 6. W. A., Brewer, H. Bryan, Jr., Bronzert, T.,

and Pisano, J. T.: The use of chemical ionization mass spectrometry in the

analysis of the amino acid phenyl thiohydantoin derivatives formed during the

Edman degradation of proteins. Anal . Biochem . In press, 1971.

Law, N., Aandahl, V., Fales, H. M., and Milne, G.W. A.: Identification of

dangerous drugs by mass spectrometry. Clin. Chemica Acta , 32: 221 (1971).
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ANNUAL REPORT OF THE
LABORATORY OP TECHNICAL DEVELOPMENT
NATIONAL HEART AND LUNG INSTITUTE

July 1, 1970 through June 30, 1971

The Laboratory of Technical Development is concerned with
problems of basic and clinical medical science that can be solved
by the development of new instruments and methods. Solution of
these sorts of problems requires development of methods and
evaluation of their utility by direct application to research or
clinical 'situations. The laboratory provides an environment and
facilities for instrumentation and method development in close
conjunction with the medical research program of NIH . A section
of the laboratory is specifically dedicated to research into the
physiology of artificially supported pulmonary and cardiac
function and to the development and application of support systems.

INSTRUMENTATION

Mechanized Microbiology

We have been investigating a new system for performing some of
the common procedures in microbiology and cell counting. The
system substitutes glass capillaries for the conventional petri
dish. Microcolonies or cells are detected as light scattering
particles when the capillary is passed through a light beam. We
scan the capillary shortly after it is filled; this determines the
baseline scattering pattern. Following incubation we rescan the
tube. New or augmented scattering sources appearing in the later
scans indicate growth. Size changes on the order of a cell dia-
meter are easily detected so that initial results can be obtained
in two or three hours, rather than a day or so. Antibiotics,
essential growth factors or inhibitors can thus be evaluated in
a matter of a few hours. We can handle a large number of samples
with considerable saving of space and reagents using mechanized
sample manipulation and electronic techniques for data processing.

Applications of our system include an antibiotic suscepti-
bility assay, now undergoing clinical trial elsewhere, viable
bacteria enumeration in urine samples, mycoplasma counting, and
tumor cell studies. The response of hepatoma and myeloma cell
lines to antimetabolites have been evaluated in less than two
days. Relative antimetabolite effectiveness determined this way
may be applicable to selection of clinical chemotlierapeutic
agents and rapid assay of new ones. Variations of the system are
under development to facilitate automation, to reduce the number
of cells needed to study and to accommodate immunochemical methods.
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Instrumentation for Extracorporeal Support

Several instrumental methods have been developed in response
to the needs of the Section on Pulmonary and Cardiac Assist
Devices where long term perfusion of blood through the artificial
lung and the patient requires continuous performance evaluation,
rapid response and minimization of the blood consumed for analysis.

Oxygen saturation of the blood in the circuit provides good
indices of the patient's condition and the performance of the
oxygenator; the relatively high efficiency of the artificial lung
permits rapid control of blood pumping and control of pC02. A
mass spectrometer system has been evaluated and found satisfactory
but price and complexity reduce clinical utility. We developed
an oxygen saturation meter that monitors saturation through the
wall of a blood conduit without sampling or even contacting the
blood. The instrument, based on the principle of light reflectance,
has been completed, tested and incorporated into the clinical
pulmonary support system and has been shown to perform to require-
ments in animal experimental systems. Solid state light sources,
sensors, and electronics contribute compactness, economy and
dependability to the instrument . Additional instrumentation that
exploits recent advances in electronics and materials are being
developed for analysis of pH and electrolytes on microliter
samples of soluble components diffused from the blood stream into
a sample tube. This approach eliminates the problem of blood
consumption by sampling and this advantage looms large in both
research and clinical application.

Evaluation of cardiac function in animals has been made by
constructing a special purpose analog computer with integrated
circuits to compute stroke volume. Encouraging results to date
make it likely that this instrument will become a valuable ad-
junct to experimental studies.

Blood Flow Measurement

Evaluation of regional blood flow in individuals that have
incipent or even moderately advanced vascular disease is presently
hampered by the requirement of Invasive methods that usually do
not permit serial measurements to determine progression or reso-
lution of the disease. We have examined the feasibility of
utilizing nuclear magnetic resonance to provide a means whereby
the protons of blood can be induced to resonate in response to
an electromagnetic field that freely permeates the tissues and
to exploit the relatively long duration of the resonance con-
dition (ca 0.4 sec. half life) to trace the path of the resonating
protons. Experiments have established that the method has
sufficient sensivity to trace flow in relatively small vessels
even when the vessel contains only a small percentage of the total
protons in the sensing field. A new system introduced last year
will be studied as a means of measuring relative cerebral blood |
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flow by the Neurosurgical Laboratory at Marquette School of Medi-
cine on contract to the Laboratory of Technical Development; we
will continue to develop the Instrumentation to Improve sensiti-
vity and specificity of the method. The proposed method polarizes
protons of the blood In the heart and lungs by means of a high
magnetic field. Then, while the sensitized protons flow through
the brain they can be exposed in local regions to fields that will
modify them so that the local marker will contribute a signal
detectable- in the effluent circulation. The method has been
adequately tested in vitro but new approaches necessary to the in
vivo demonstration are not complete at thi-s time either in this
laboratory or in the contract facility. The projection is that
symmetrical regions in the brain can be compared in their ability
to respond to CO2 inhalation; thus we should have a non-invasive
method for cerebral blood flow, a potential means to screen the
population for those at maximum risk from cerebral vascular
accidents

.

CHROMATOGRAPHY

Chromatographic methods have contributed greatly to bio-
chemical and pharmacological studies and it is generally evident
that methods of even greater sensitivity, resolving power, speed
and dependability are needed. Our current developments in
chromatography are directed to the refinement of liquid-liquid
chromatography by eliminating the solid support that is responsible
for tailing and denaturation of sensitive materials. The most
recent method consists of a continuous flow helix countercurrent
chromatograph that permits continuous flow without rotating seals,
while the helix is exposed to high centrifugal fields . We mount
the helix in the centrifuge so the column counter-rotates at a
rate equal to that of the revolution of the centrifuge; thin
plastic inflow and outflow tubing can be connected directly to
the column without twisting, and without rotating seals. A set
of DNP labeled amino acids has been separated in analytical runs .

A 10 ul sample of nine amino acids has been separated with an
efficiency ranging from 3,000 to 10,000 theoretical plates. A
preparative run handled 1 ml of the same material in 13 hours
with 1,000 to 4,000 theoretical plate efficiency. The advantages
of these methods include freedom from solid support effects and a
small volume of distribution of each component that reduces de-
tector sensitivity requirements. The method should also be appli-
cable to macro-molecules, cells and other particulates.

FLUORESCENCE METHODS

Spectral shifts and polarization of fluorescence of DNS
labeled lysozyme were used to determine the number of fluorescent
dye molecules bound, the site of attachment and the degree of
rotational freedom of the marker dye. The information can be
correlated with X-ray crystallographic determinations of the
three dimensional structure of the protein. Albumin-bilirubin
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binding constants were determined by study of quenching of trypto-
phan fluorescence. The method illustrates how energy transfer
as evidenced by quenching can be used to obtain accurate data
about the number of molecules bound, the strength of binding and
of photostability . Spectrofluorometric analysis of isomers of
fluorescein isothiocyanate indicated that one had a greater
quantym yield and a more favorable excitation wavelength. This
provides definite evidence that one isomer Is superior to the
other for immunofluorescence work. Kinetics of staphylococcal
nuclease renaturation were studied with stopped-flow fluorescence
techniques. Changes in fluorescence due to concentration and
solvent effects provided data on isoenzyme activity and lipo-
protein structure. A study of the mechanism of mercury quenching
indicated that this technique may be valuable for determining the
number and location of sulfhydryl groups in proteins.

Stopped-flcw methods for fluorescence, thermal, pH and ab-
sorption studies and calorimetric apparatus developed here have
been applied to several biochemical problems in the Medical School
at the University of California. The methods and instruments are
being applied in active studies of enzyme kinetics and biochemical
reactions . Modifications of the instrumentation are being made
in response to additional requirements and as new technology
becomes available.

PULMONARY AND CARDIAC ASSIST DEVICES

The spiral coil membrane oxygenator has been applied to
extracorporeal blood oxygenation of alert unanesthetized animals
for days to weeks without apparent morbidity attributable to the
pump and oxygenator. The pulmonary support obtained by venous-
venous perfusion can maintain gas exchange at near normal levels
in absence of pulmonary function. Some patients with severe
pulmonary disease have been supported temporarily with no apparent
harm attributable to the support system.

Total support of the circulation was demonstrated by main-
taining lambs in ventribular fibrillation on a veno-arterial
pump oxygenator system for several hours. The animals were
defIbrlllated and showed no morbidity attributable to the pump
oxygenator system. It would appear that this latter system
affords a method of relief of the damaged failing heart that
is further compromised by falling pulmonary function due to
pulmonary edema. It is considered that perfusion and oxygenation
will offer greater potential for recovery than simple augmentation
of the heart action when the pulmonary system is compromised.

The present developments Include the improvement of membrane
material by application of technology not currently used in mem-
brane manufacture and the development of thin-walled non-klnking
catheters using wire reinforcing and new materials. New blood
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gas monitoring Instrumentation &aa reduced the need for frequent
sampling; gentle pumping and pump controls have minimized blood
damage and the compact efficient system has reduced the need for
priming blood. Blood loss by internal bleeding and leakage at
catheter sites is being reduced by both meticulous surgery and
decrease in heparin levels as perfusion proceeds.
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Serial No. NHLI-259
Laboratory of Technical Development
Bethesda, Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Indirect Cardiac Output Computation

Previous Serial No.: None

Principal Investigator: Gerald G. Vurek

Other Investigator: Roger G. Spragg

Cooperating Units: None

Project Description:

Objectives: Our aim is to assess the feasibility of using
a small special purpose computer to calculate cardiac output from
aortic pressure which should be useful in assessing the status of
an acutely ill patient in an intensive care environment.

Methods Employed: Using the work of Pry and his colleagues
at NHLI, we feel it is reasonable to assume that the load im-
pedance of the heart consists of an elastic compliance of the
aorta and a peripheral resistance. It can be shown that stroke
volume inputs to this simplified impedance can be computed by
summing the pressure and its derivative, appropriately scaled.
We used the electrocardiogram signal to reset a special purpose
analog computer at the end of each systolic period. The' computer
automatically changes its estimation of the peripheral resistance
term at each resetting point so that the computed stroke volume
is zero at the end of diastole. Therefore, the computer can
accommodate changes in peripheral resistance and still provide
information about the stroke volume of the heart.

We built a small special purpose analog computer using inte-
grated circuits to perform the computation. Aortic pressures were
measured with a Statham P23dE transducer connected to a 30 cm.
#18 TFE catheter through a specially designed restrictor. The
restrictor consists of a Kel-F screw with the threads partly
removed; this "tunes" the catheter-transducer system for optimum
frequency response, which in our case is flat to 35 Hz, with
less than S% overshoot response to a step pressure transient.

Sheep weighing between 10 and 15 kilograms were prepared
with the Teflon catheter in the aorta via one carotid artery, a
dyd sampling catheter in another carotid artery, and a dye in-
jection catheter in the right atrium via a jugular vein. The
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output of the computer and the aortic pressure waveforms were
simultaneously recorded on a Sanborn recorder. Dye dilution
curves were made at intervals and the cardiac outputs estimated
by comparison with the computed cardiac outputs . We changed the
animal's cardiac output by sterile exsanguination, reinfusion of
the blood, breathing 10? oxygen/90? nitrogen, and with vasoactive
drugs

.

Major Findings: One set of experiments showed a correlation
greater than 90? bewteen the computed output, the output measured
by dye dilution over a 2 to 1 cardiac output range. These encour-
aging results have not been repeatable and we have not determined
the difficulty. Part of the problem may be with the computer;
part may be with the placement of the catheter. Since the
computer must differientiate the signal it is susceptible to
noise which may interfere with the resetting procedure. The
catheter tip must be placed close to the aortic valve in order-
to obtain the proper pressure signal. This placement may not
have been achieved in our procedures . Since it has been shown
that the flow in the descending aorta can be computed with this
approach we feel that the underlying assumptions are valid and
we are continuing to try to determine the discrepancies between
our computed results and the dyd dilution curves.

Significance to Biomedical Research and the Program of the
Institute: One of the ways to assess the performance of the
heart is by m.easuring the stroke-volume or cardiac output. Iso-
lated measurements provide some information about the status of
a compromised heart but continuous mieasurements or frequent
measurement can provide trend information which should be useful
in providing diagnostic information about hearts. Other workers
have made monitoring systems based on average or otherwise pro-
cessed aortic pressure waveforms assuming cardiac output is
related to the average pressure and some calibrated peripheral
resistance. These other schemes cannot accommodate changes in
peripheral resistance and must be recalibrated with a dye-di-
lution system periodically. Our technique should be able to
accommodate to changes in peripheral resistance. Central aortic
pressure signals are usually available from, patients in intensive
care units, as is the EGG signal, so that the computation should
require no significant additional burden on the patient. The
computer can be housed in a box about 15 cm on a side, including
transducer amplifier, so that space requirements are minimal.

Honors and Awards : None

Publications: None
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Serial No. NHLI-260
Laboratory of Technical Development
Bethesda, Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Title: Microdialyzer for Continuous Sampling of Small Molecules
from Blood

Previous Serial Number: None

Principal Investigator: Gerald G. Vurek

Other Investigator: Theodor Kolobow

Cooperating Units: None

Project Description:

Objectives
of severely ill
well as physica
support is part
make these meas
blood loss and
develop a dialy
from a portion
breaking the st
techniques for

: The determination o

patients requires bio
1 measurements . Where
of the therapy, it is

urements with as few s

the possibility of con
zer to remove small am
of the blood in the ex
erile barrier and to d
the desired materials

.

f the status and progress
chemical mieasurements as
prolonged extracorporeal
important to be able to

amples as possible to reduce
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ounts of diffusable material
tracorporeal circuit without
evelop suitable analytical

Methods Employed: Use use d
Dow Corning Corp. for their "capi
material is tubular with 25 micro
Blood passes over the outside of
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The dialysate leaves the dialyzer
ments or a fraction collector for
currently using ion specific elec
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n wall and 200 micron diameter,
the tube and diffusable ions
aqueous "dialysate" compartment.
and enters analytical instru-
later analysis . We are

trodes for the first stage of
Dialysate flow rates from five
the typical rate is 10 lil/min.

Major Findings: At typical flow rates, equilibrium between
blood and dialysate is at least 99^ complete, within the error
of measurement. Test solutions of buffer and albumin have been
used to establish the effectiveness of the dialyzer and the
electrode system. We tried to measure blood pH using a veno-
arterial shunt installed in a sheep; results were Inconclusive
due to severe clotting problems, possible leaks in the membrane,
and potential loss of COp from the blood or dialysate before the
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solution reached the pH electrode. Work is in progress to

establish the principal sources of difficulty.

Flow through electrodes have been made from commercial dip
type electrodes by cementing silicone rubber tubing directly
to the sensitive "membrane" of the electrodes. A small hole
in the tubing permits the sample to contact the electrode. The
sample size needed is less than 1 w,l., except for the necessity
to m.ake contact with the reference electrode; this makes the
practical volume about 5 M-l.

Significance to Biomedical Research and the Program of the
Institute: Changes in the chemical compositions of the body
fluids reflect the status of an acutely ill patient in different
ways than are indicated by physical measurements such as blood
pressure, heart rate, ECG, Waveform, etc. The development of "non
sampling" continuous monitors of body chemistry can provide a tool
to make these measurements and establish their usefulness . In
addition, they provide a potential for research studies on small
animals since virtually no sample is taken from the animal.

Honors and Awards: None

Publications: None
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Serial No. NHLI-261
Laboratory of Technical Development
Bethesda, Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Title: Reflectance Oximeter for Continuous Measurement of
Oxygen Saturation

Previous Serial Number: NHLI-186

Principal Investigator: Gerald G. Vurek

Other Investigators: Theodor Kolobow, W.S. Frlauf

Cooperating Units: BEIB, DRS

Project Description:

Objectives: Our objective is to develop a non-contacting,
non-sampling device for continuous monitoring of blood oxygen
saturation. This measurement provides information about the
metabolic status of animals of patients perfused with an oxy-
genator, as well as information about the oxygenator's perfor-
mance .

Method
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hematocrit effects and get a signal proportional to saturation.
The earlier versions of our Instrument used a logarithmic measure-
ment to obtain saturation; more recent results Indicate that if
we compute the ratio of the signal In the Infra-red (relatively
Independent of saturation) to the signal In the red, we can ob-
tain a linear relation between saturation by our Instrument and
the A.O. standard over the range of kO% to 9Q% . We are currently
designing the testing a simplified version which should be con-
siderably easier and less costly to build; this would benefit
users of the device because commercial development vjIII be en-
couraged. Tests with earlier versions of the instrument have
demonstrated its stability, reliability, and convenience.

Significance to Biomedical Research and the Program of the
Institute: The flow-through reflectance oximeter provides a
convenient means for continuously monitoring the oxygen con-
sumption of acutely ill patients . The measurement is benign and
no electrical apparatus comes directly Incontact with blood.
This instrument is one of a new series of continuous biochemical
monitoring instruments for better assessment of the status of
the acutely ill cardiovascular patient.

Honors and Awards : None

Publications: None
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Serial No. NHLI-262
Laboratory of Technical Development
Bethesda, Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Methodology in Fluorescence Measurements

Previous Serial No.: NHLI-I83

Principal Investigator: Raymond F. Chen

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives: Fluorescence spectroscopy is a powerful tool
for studying structure of macromolecules , but this technique is
still in its early adolescence. Thus, it is necessary to improve
and refine various techniques of fluorescence assay as much as
possible, taking into consideration that very different types of
measurement are involved in determining decay times, quantum,
yields, spectra, and kinetics.

Methods Employed: As in the past, our measurements used
Aminco-Bowman spectrofluorometers , the TRW lifetime apparatus,
and stopped-flow devices supplied by the American Instrument Co.

Major Findings: The problems involved in fluorescence
polarization determinations with a grating-type spectrofluoro-
meter were reviewed. The grating factor is the ratio showing
the relative efficiency of the detector system for vertically
polarized light compared with horizontally polarized light. The
factor was determined for one Aminco-Bowman instrument over a
wide range of wavelengths. Interestingly, there were sharp changes
in the factor, which ranged from above 1 to about 0.8. Another
problem is how to correct for blanks when making polarization
measurements. Blank correction is very Important especially
for solutions of low quantum yield. These findings will be re-
ported and discussed in a paper now in preparation.

In relation to the controversy over quantum yields we have
confirmed that the reported yields of quinine and fluorescein
of 0.55 and 0.85 are in the right ratio. This proves to us that
a recent paper advocating a value of 0.70 for quinine cannot be

correct, since fluorescein would then have a yield greater than
unity. Other efforts in this field Include a better method for

chromatography of rhodamlne B.
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( A chapter on fluorescence techniques was written for a text
I on methods in pharmacology.

Significance to Biomedical Res.earch and the Program of the
J Institute: The continuing interest in fluorescence methods is

consistent with the tradition of leadership in this field shown
by this institute. Many areas of biomedical research utilize
fluorescence methods

.

Proposed Course: Equipment will be evaluated as it becomes
available. Some previous correlations of quantum yields of
different compounds might be published as a contribution to re-
solving some of the controversy here.

We plan to evaluate various flow orienting devices such as
those used in flow dichroism absorption studies, with a view to-
wards using them in fluorescence studies .

i

Honors and Awards : None

Publications

:

1. Chen, R.F., Fluorescence Spectroscopy for publication
in Methods in Pharmacology, Vol. II, edited by C.F, Chignell,
Appleton-Century-Crofts, N.Y., 1971, in press.
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Serial No. NHLI-263
Laboratory of Technical Development
Bethesda, Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Fluorescent Complexes of Proteins

Previous Serial Number: NHLI-184

Principal Investigator: Raymond P. Chen

Other Investigators: Dr. Roger M. McKlnney
Center for Disease Control
U.S. Public Health Service
Savannah, Georgia 31^02

Project Description:

Objectives: To determine the fluorescence parameters (quan-
tum yields, lifetimes, spectra) of protein-dye complexes. Such
complexes are of basic usefulness in immunofluorescence micros-
copy and physical biochemistry

.

Methods Employed: Fluorescence measurements were used
which have been described by this laboratory previously for
determination of quantum yields, lifetimes, spectra, and polari-
zation .

Major Findings: This year's work involved three major types
of complexes

:

1. The conjugate of lysozyme and DNS ( 1-dlmethylamino-
naphthalene-5-sulfonyl) was studied. It was found that
this enzyme reacts with DNS-Cl to give a conjugate with only
1 DNS group per molecule of protein. The site of attach-
ment was the epsilon-amlno group of a lysine, as determined
by chromatography of a hydrolyzate of the protein, and by
comparison of amino acid analyzer assays of labeled and un-
labeled proteins. The DNS group appeared to be lost from
the protein over a few days, was in an exposed position as
determined by the red-shifted position of the fluorescence
peak, and by its freedom to rotate Independently of the
rest of the protein, as determined by fluorescence polari-
zation. Current efforts are being made to identify the
exact site of attachment of the dye. This is being done
with tryptlc digests of reduced, amlnoethylated, carboxy-
methylated DNS-lysozyme; isolation of fluorescent peptides
suggests a single site of attachment. The slgnflcance of
knowing where the dye is attached is that one can then
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correlate the physical and fluorescence properties vjlth the
three dimensional structure obtained from X-ray crystallo-
graphy ,

2. Bilirubin-albuman conjugates were studied, using mainly
bovine and human albumins, but also that from rabbit and
sheep. The stolchiometry and strength of binding was
studied by fluorescence quenching. Human albumin (HSA) and
bovine albumin (BSA) bound 1, bilirubin very strongly, k-^

being 2 x 10' and 7 x 10 M respectively. These constants
have never been obtained accurately before. Energy trans-
fer calculations based on the extent of fluorescence
quenching show that the bilirubins are bound at least 25
angstroms fromi the tryptophans. Other data obtained in-
clude difference absorption data detailing the differences
in properties of the first bound bilirubin compared with
subsequently bound bilirubins. Also, data were obtained
on the photostability , binding constants, and fluorescence
of the bound bilirubins. A preliminary note to Science
was rejected as being of too limited interest, but a more
detailed manuscript is in preparation.

3. Gamma globulin labeled with fluorescein were studied in
collaboration with Dr. McKinney, a pioneer in the use of
such conjugates in immunofluorescence. The problem was to
determine which isomer of fluorescein isothiocyanate , FITC
I or FITC II, was to be accepted as a standard for such
work. Dr. McKinney prepared and sent us samples of rabbit
gamma globulin labeled to different extents with FITC I and
FITC II. These dyes differ only in the position of the iso-
thiocyanate group. We measured the fluorescence quantum
yields. FITC I conjugates had an absolute quantum yield
of 0.4l8 on excitation at 492 nm, while FITC II conjugates
gave 0.391. Heavier labeling decreased the yields. More
significantly, excitation at 366 nm which is used in immuno-
fluorescence microscopy gave much more fluorescence with
FITC I conjugates. This was found to be due to a higher
extinction coefficient at this wavelength compared with
FITC II conjugates. The quantum; yields at 366 nm were much
reduced in the FITC II conjugates compared with ^92 nm.

excitation; this probably was due to impurities. The re-
sults will be written up by Dr. McKinney and are the first
definitive evidence that FITC I is superior to FITC II for
such work.

Significance to Bio-medical Research and the Program of the
Institute: These results with enzymes, albumins, and gamma glo-
bulins are of fundamental interest and are consistent with the
Institute's traditional efforts in basic and applied biomedical
research

.
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Proposed Course j We plan continued efforts to identify the

site of attachment of DNS on lysozyme, using sequencing techni-
ques. We plan to finish up the work on bilirubin, especially
the preparation of manuscripts. Possible future projects in-
clude investigation of flow-oriented dyed macromolecules , and
the effects of denaturation on the spectra of various dyes on
proteins

.

Honors and Awards None

Publications

Chen, Raymond F., Limited Reaction of Lysozyme with a
Fluorescent Labeling Agent, Biochem. and Biophys . Res. Comm,
40, 1117-1124, 1970.
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Serial No. NHLI-284
Laboratory of Technical Development
Bethesda, Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Applications of Fluorescence in Biochemistry

Previous Serial Number: NHLI-182

Principal Investigator: Raymond F. Chen

Other Investigators: Dr. Thomas Wuntch and Dr. Elliot S. Vesell
Milton S. Hershey Medical Center
Pennsylvania State University
Hershey, Pennsylvania

Dr. Harvey Epstein and Dr. Alan N. Schechter
and Dr. Harvey Pollard
Laboratory of Chemical Biology, NIAMD

Project Description:

Objectives: Application of fluorescence techniques developed
in this laboratory to problems of interest, thus testing and im-
proving these techniques under conditions of actual use. Fluores-
cence methods sometimes are the only ways certain biophysical
phenomena can be studied.

Methods Employed: The methods for following stopped flow
kinetics of fluorescence changes in biological systems have been
described from this laboratory previously, as have the methods for
determining fluorescence yields, lifetimes, and spectra.

Major Findings: These different problems were studied:

1. Lactate dehydrogenase isoenzymes were studied at high
concentrations in collaboration with Drs . Wuntch and Vesell.
Some results were published previously, showing that the
different isoenzymes had different properties at high con-
centration such as occurs physiologically, as compared with
the artificially low concentrations used in traditional en-
zyme assays. According to a theory of N.O. Kaplan, the
raison d'etre for isoenzymes is that they are inhibited to
different extents, thus having certain advantages in aerobic
and anaerobic tissues. For example, lactate dehydrogenase
in skeletal muscle is apparently more inhibited by pyruvate
than is heart muscle lactate dehydrogenase. Under anaerobic
conditions such as muscular exertion, therefore, pyruvate
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accumulates and its carboxylatlon to oxalacetate Is favored,
thus permitting an alternate metabolic path. We found,
however, that the inhibition is not very significant at high
enzyme concentrations, and that the presence of other pro-
teins reduces what little inhibition there is. These experi-
ments tend to reduce the likelihood that the Kaplan theory
explains the existence of isoenzymes.

2. The folding of staphylococcal nuclease was studied with
Drs . Epstein and Schechter. Previously, we reported (Schech-
ter, Chen, and Anfinsen, Science 167:886, 1970) that fluores-
cense stopped flow data showed that nuclease refolding could
be described by two first order processes with half times
of 55 and 350 milliseconds. The experiment follows the change
in fluorescence of the protein in acid, where it has low
emission and is unfolded, when the solution is neutralized
and the enzyme takes up its native conformation where the
single tryptophan is burled and has high quantum yield. We
have extended these studies by observing the effect of
different ionic strengths and temperatures. It was discovered
that the fast process was temperature independent, whereas
the slow process decreased to half-times of 750 msec, at
13°C and Increased to l80 msec, at 38°C . From the known
enthalplc and entroplc changes of various folding processes,
it was inferred that the rapid part of the refolding was
probably helix formation in the region of the tryptophan.
This was followed by the slow process, which was probably
the formation of hydrophobic bonds . The thermodynamic para-
meters were calculated from the van't Hoff and Arrhenius
relations. A paper, "The Folding of Staphylococcal Nuclease:
Kinetic Studies of Two Processes in Acid Renaturation" by
H.F. Epstein, A.N. Schechter, R.F. Chen, and C.B. Anfinsen
has been submitted recently to the J. of Molecular Biology.

3. Low density lipoprotein (LDL) was studied in collaboration
with Dr. Harvey Pollard. The emission peak of LDL was at
325 nm which is very low, and indicates a hydrophobic environ-
ment for the emitting tryptophans . On extraction of the neu-
tral lipids, the apo-LDL emitted maximally at 332 nm. Yet
another emission spectrum was obtained when the phospholipids
were removed from the apo-LDL. Correlations with the change
in amount of alpha-helix were made from simultaneous circular
dlchroism data. The results show that removal of neutral
lipids decrease the amount of helix, and removal of the phos-
pholipids Increases the amount again; however, the protein
is now refolding in a way which is not characteristic of the
native structure.

4. Fluorescence quenching by mercuric ion interaction with
proteins and aromatic amino acids was studied. It was found
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that mercuric ion quenched tryptophan, tyrosine, and pheny-
alanine fluorescence. In proteins, mercuric ion invariably
quenched, and a major mechanism appears to be the transfer
of energy from tryptophan to the tail end of the Hg-sulfhydryl
absorption band. Critical transfer distances were calculated
for ovalbumin-Hg complexes and for model systems . The quenching
by silver ion also appeared to be due to energy transfer.
Mercuric ion interaction with indoles on the other hand re-

_

suits in quenching due to the formation of complexes which
have different absorption spectra. Mercuric ion may be a
useful probe to assay distances between sulfhydryl groups
and tryptophan. This is also a good way to determ.ine the
number of sulfhydryl groups

.

5. The question of exciplex formation in indole compounds
was studied. R. Lumry ' s group postulated that indoles, in-
cluding tryptophan in proteins, formed excited state com-
plexes with solvent molecules to give "exciplexes" .They
based their theory on the supposed finding that the emission
spectrum of indoles was influenced by the presence of polar
solvent molecules which the absorption spectrum was not.
Van Duuren had reported the same thing. On reexamining the
evidence for exciplex formation, we found that cyclyhexane
solution of Indole containing 1% ethanol or butanol had
significantly different absorption spectra compared with the
pure cyclohexane solutions. Other Indole compounds showed
similar changes. N-Methylindole showed neither fluorescence
nor absorption changes in the presence of 1-2^ alcohol.
Solvation involving the N-proton occurs in the ground state.
Thus, there is no experimental support for the idea of exci-
plex formation in the indole series. A short communication
detailing these findings has been submitted to Archives of
Biochemistry and Biophysics

.

Significance to Biomedical Reseach and the Program of the
Institute: The various projects listed above involve novel
techniques ( stopped-flow kinetics of protein renaturation) or new
phenomena (e.g., mercuric ion quenching of protein fluorescence).
The results add to the store of basic knowledge of these systems
and demonstrate the usefulness of new fluorescence methods.

Proposed course: Data have already been obtained on the
kinetics of acid-to-neutrality renaturation of albumin, of urea
denaturation of asparaginase and nuclease, as well as renatu-
ration by dilution of urea solutions. These projects can be
completed, and will test the variable-ratio stopped-flow mixer.
The results of silver ion quenching of fluorescence are ready
for reporting. We intend to continue applying fluorescence
techniques to questions of protein shape changes and binding pro-
blems .
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Publications

:

1. Wuntch, T.J Chen, R.F., and E.S. Vesell, Lactate De-
hydrogenase Isozymes: Further Kinetic Studies at High Enzyme
Concentrations, Science I69, 480-481, 1970.

2. Chen, R.F., Fluorescence Quenching Due to Mercuric Ion
Interaction with Aromatic Amino Acids and Proteins, Arch.
Biochem. Biophys

.
, in press.

Abstracts

1. Pollard, H.B., and R.F. Ghen, Differential Influence
of Neutral- and Phospho-Lipids on the Protein Conformation
of Human Low Density Lipoprotein. For presentation at the
American Society of Biological Chemists meeting, San Fran- .

Cisco, June, 1971-

2. Schechter, A.N., Epstein, H.P., Chen, R.P., and Anfinsen.
C.B., Kinetics of Folding of Staphylococcal Nuclease, idem .
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Serial No, NHLI-265
Laboratory of Technical Development
Bethesda, Maryland 2001^

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Countercurrent Chromatography: Liquid-Liquid
Partition Chromatography without Solid Support

Previous Serial Number: NHLI-I8I

Principal Investigator: Yoichiro Ito

Other Investigator: Robert L. Bowman

Cooperating Units: None

Project Description:

Objectives: Development of a new technique for liquid-
liquid partition chromatography without a solid support.

Methods Employed: The method employs a vertical helical
tube in a centrifugal field. The tube makes one counter rotation
per revolution thus eliminating the need for rotating seals.
When the tube is filled with the stationary phase and the moving
phase is introduced from the entrance of the tube, a hydrodynamic
phase equilibrium is quickly reached and oscillating alternating
segments of the two phases are formed throughout the tube.
Further feeding of the moving phase results in the displacement
of the moving phase only, leaving a given volume of the stationary
phase in each coil unit. Consequently, a solute introduced into
the tube is subjected to a rapid partition process between the
oscillating segments of the two phases and finally eluted out
from the exit end of the tube.

A test system, was made by modifying a conventional centri-
fuge. The motor shaft was extended through the top-end bearing
of the stationary tube mounted to the motor housing and then con-
nected to a rotating tube that fits freely over the stationary
tube with the bottom bearing. A pair of arms extending from the
rotating tube holds coll holders with bearings. A toothed belt
is then inserted between a pair of toothed pullies, one fixed to
the bottom of the stationary tube and the other at the bottom
of the coil holder to produce the desired planetary motion to
the holder. The column is made of Teflon tubing either by
winding the tube onto the coil holder or by arranging multiple
column units interconnected in a series around the holder. The
leading tubes are passed through the center hole at the top of
the holder and then supported at the level of 25 cm. above the
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center of the apparatus. The liquids are fed with a metering
pump and the effluent is monitered through a flow cell at 280 nm.

Analytical and preparative potentiality of the method was
evaluated on DNP amino aciu separation by using a two phase
system composed of chloroform, glacial acetic acid and 0.1 N HCl
(2:2:1).

Major Findings: Analytical capability of the method was examin-
ed on a column prepared from a 100 m section of . 3nmi I.D. tubing
coiled onto a 5mm diameter core. At 550 rpm with a 30.7cm radius
of revolution and at a flow rate of 2.4 ml per hour, 10 jul of a
nine DNP amino acid mixture is eluted out within 10 hours at an
effeciency ranging from 10,000 to 3,000 T.P. (theoretical plates),

The preparative column is prepared from a 90m piece of 1.2mm
I.D. tubing coiled onto a rod measuring 0.9cm in diameter. At
520 rpm with an 8.6cm radius of revolution and at a flow rate of
24 ml per hour, 1 ml of the DNP amino acid sample is eluted out
within 13 hours, yielding an efficiency ranging between 4,000
and 1,000 T.P.

The method is reproducible with minimum carry-over of the
stationary phase. In addition, the entire procedure including
the column preparation is simple and easy for even an unskilled
person to follow.

Preliminary experiments to separate dansyl-peptides on
various phase systems have shown promising results.

Significance to Bio-medical Research and the Program of the
Institute: The support free liquid-liquid partition technique
is an ideal method of separation since it eliminates the compli-
cations arising from a solid support. When the method is refined
to cover both analytical and preparative use, it will replace the
conventional liquid-liquid partition techniques now used in bio-
medical research.

Proposed course: The future plan may be

1. Further Improvement of the apparatus.
2. Investigations on various factors involved in the method,
3. New applications of the apparatus.

Honors and Awards: None.

Publications:

1. Ito, Y. and Bowman, R.L.: Countercurrent Chromatography with
Flow-Through Coil Planet Centrifuge. Science_^in preparation.

2. Ito, Y. and Bowman, R.L. : Countercurrent Chromatography.
Anal. Chem._^ in preparation.
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Serial No. NHLI-266
Laboratory of Technical Development
Bethesda, Maryland 2001^

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Countercurrent Chromatography: Liquid-Liquid
Partition Chromatography without Solid Support,
(Part II)

Previous Serial Number: NHLI-I8I

Principal Investigator: Yoichiro Ito

Other Investigator: Robert L. Bowman

Cooperating Units : None

Project Description;

Objectives: Development of Gyration Locular Countercurrent
Chromatography (Gyration L.CCC).

Methods Employed: The apparatus for Gyration L.CCC requires
a well balanced design. Our prototype consists of a pair of
perpendicular rotary shafts held 9 Inches apart. Each end (top
and bottom) of the shafts is equipped with a disc carrying an
eccentrically mounted bearing. A pair of horizontal arms, one
bridging the top bearings and the other the bottom bearings,
hold a cylindrical column holder vertically at the center of the
arms. A pair of toothed pullies each fixed near the middle
portion of the rotary shaft is synchronously driven by a toothed
belt connected to another pully fixed to the motor shaft. Coun-
ter-balancing of the system is well established by applying proper
weights symmetrically on the rotary shafts. The gyration speed
is regulated by a speed control unit and continuously adjustable
up to 1.500 rpm.

The locular column is prepared by placing centrally perfor-
ated Teflon partitions across the diameter of a Teflon tube.
Partition pieces in a variety of sizes and configurations are
used to examine the performance in separation especially in re-
lation to the column efficiency and the carry-over of the
stationary phase.

The capability of the method is examined on DNP amino acid
separation with a two phase system composed of chloroform,
glacial acetic acid and 0.1 N HCl (2:2:1).
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Major Findings: A simple mathematical analysis on the
motion of the two phases In a gyrating locule Indicates that the
Interfaclal shape Is circular on cross section and parabolic on
vertical section. Further the centrifugal force acting on the liquids
forms a gradient along the" line through the center of gyration
to an arbitrary point of the locule, suggesting that the lighter
phase is always subjected to less centrifugal force and tends to
form emulsiflcatlon and carry-over of the heavier phase. Thus,
the radius of gyration should be much greater than the locule
diameter. If the carry-over of the stationary phase is to be
eliminated

.

The nature of the partition hold is directly related to
the carry-over phenomenon. When the exit hold of the locule
is made small and wettable to the moving phase, the carry-over
is largely eliminated even at a high gyration speed. Also, a

threaded partition hole prevents the carry-over if the direction
of the gyration is chosen to hold down the droplets of the
stationary phase in the locule

.

Tendency of the longitudinal diffusion of the solutes
through the column was examined by stopping the flow at various
Intervals and measuring the resultant broadening at the eluted
solute peak. Vibration of the apparatus was found to be
critical whereas, in a well balanced system and on a column
with small partition holes, the longitudinal diffusion becomes
negligible

.

The column efficiency generally Increases with column
length, locule number, a high gyration speed and a slow flow
rate. The efficiency also exhibits a tendency to decrease with
Increased retention time of the solutes. At a flow rate of 12

ml per hour and 800 rpm with a 2.5 cm radius of gyration, a

column with 1,600 locules, each 4mm I.D., 1.7mm long, and a

glass bead (0.5mm I.D., 1mm long) embedded at the partition hole,

yields an efficiency ranging from 1,600 T.P. (partition co-

efficient: 3.8) to 740T.P. (partition coefficient: 0.18) or 100^

to 40^ partition efficiency per locule.

Significance to Bio-medical Research and the Program of the

Institute: The support-free liquid-liquid partition technique

is an ideal method of separation since it eliminates the compli-

cations arising from a solid support. When the method is re-

fined to cover both analytical and preparative use, it will

replace the conventional liquid-liquid partition techniques now

used in bio-medical research.

Proposed Course:
follows

:

The future plans may be summarized as
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1. Refinement of the apparatus to reduce vibration at a
higher rate of gyration.

2. Further investigations on various factors involved.

3. Application for separation of macromolecules and parti-
culates on polymer phase systems

.

Honors and Awards : None

Publications: None.
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Serial No. NHLI-267
Laboratory of Technical Development
Section on Pulmonary and Cardiac

Assist Devices
Bethesdas Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title Development of the Spiral- Coil Membrane Blood
Oxygenator and Systems for Long-term Temporary
Support of Pulmonary and Cardiovascular Systems

Previous Serial No NHLI-178(c)

Principal Investigators: Theodor Kolobow

Other Investigators: Roger Spragg, Joseph Pierce, Gerald Vurek,
Warren Zapol, and Robert L. Bowman

Cooperating Units: Laboratory of Kidney and Electrolyte Metabolism
Becton-Dicklnson Research Center, Ralelth, N.C.
Applied Science Division, Litton Industries

Project Description:

I 2
I

!2

Objectives

:

1. To optimize the design of the s

artificial lung and to apply the ar
clinical support of respiratory and
iency. We will demonstrate the sup
blood gas exchange in perfusion sys
animal studies designed to test the
and explore the clinical limitation
A clinically acceptable system will
highest quality minimum defect memb
developed and manufactured.

plral coll membrane
tiflcial lung to
cardiac insuffic-

erlority of membrane
tems by long term
perfusion apparatus

s of this method.
be constructed from

rane that can be

2. Current extracorporeal bypass technique uses heparin
as the anticoagulant. Long term perfusions similarly
must use heparin with the ever present danger of serious
bleeding from open wounds, or spontaneous hemorrhage.
We have explored methods of reducing systemic heparin
requirement after the first day of high heparin in-
fusion to reduce or eliminate wound bleeding, or spon-
taneous bleeding.
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Methods Employed and Major Findings:

1. The membrane artificial lung. Membrane artificial lungs
with blood oxygenating capacity up to 5-1/min have been
built by the Applied Science Division of Litton Industries.
Production techniques have included test procedures to assure
absence of leaks and high quality performance. The most
Important factor to the delivery of leak-proof r.^mbrane
lungs remains the continuous availability of dependable pin-
hold free silicone rubber membrane.

A. Animal Research.

1. Extracorporeal respiratory blood gas exchange
with the membrane lung has been performed in un-
anesthetlzed lambs for up to 16 days. At autopsy,
the lungs and other internal organs of the animal
perfused for sixteen days were found to be normal.

2. Total cardiopulmonary bypass by peripheral
cannulatlon using the membrane lung was carried out
in unanesthetized lambs with Induced ventricular
fibrillation. Normal blood respiratory gas ten-
sions can readily be maintained. At high bypass
flows the central aortic pressure in lambs approaches
normal, and reaches normal at bypass flows equal to
control cardiac output.

3. Systemic heparin requirement can safely be re-
duced after the first 24 hours of high systemic
heparinization to yield a modified Lee White
clotting time of 2-8 hours . We have seen tolerance
develop after continuous administration of heparin.

4. Wound bleeding using present Improved bypass
cannulatlon techniques and lowered heparin Infusion
is virtually eliminated. We have found that inter-
ference in peripheral venous and arterial cir-
culation from peripheral cannulatlon uniformly
creates serious problems in wound bleeding and
arterial vascular insufficiency. We now routinely
restore circulation distal to our cutdown site.

B. Clinical Applications: This laboratory has received
frequent requests to provide emergency extracor-
poreal respiratory blood gas exchange in patients
with acute respiratory failure. Requests have come
from Michigan, Pennsylvania, Virginia and locally.
Logistical problems have been a major cause in our
reluctance to overextend cur limited manpower re-
sources. We have been ready on several occasions
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to actually provide bypass assist If that proved to
be life saving. However, no actual perfusions for
respiratory Insufficiency have been carried out
during the past year.

2. Large bore non-klnklng blood cannula. Stain-
less steel spring wire was coated with elastomerlc
polyurethane to provide large bore, non-klnklng
cannula and non-collapsible blood conduits. We
have found these cannulae superior to all blood
conduits devised so far, and being particularly
responsible for the success of our prolonged animal
experiments. We feel that Its availability vjlll
be of immeasurable help to the research community.
Extracorporeal blood flow as high as I6O-I8O cc/kg/
mln has been obtained routinely in some of our
animal studies. The availability of these special
catheters Is still limited. Ethicon, Inc. and
Benedum Instruments are at present supplying these
catheters in small quantities

.

3. Atraumatic extracorporeal blood pump. The
fiberglass reinforced blood pump chamber has ex-
hibited wear characteristics well beyond our
expectations. We are presently still using a single
fiberglass reinforced pump cham.ber that has cumu-
latively been used for over 6 months without
appreciable wear. We believe that pump chamber
wear is significantly reduced by maintaining a
non-occluslve pumping mode; we also believe that
this has contributed significantly to reduced blood
trauma

.

Significance to Biomedical Research and the Program of the
Institute: We have established that it is practucal to maintain
pulmonary function in animals with a membrane artificial lung
long enough to presumably allow recovery of damaged pulmonary or
cardiac function. In a few clinical instances nothing has happened
to reduce our confidence, but so far complete recovery after cli-
nical application has not occurred. Lack of damage in animals and
the few clinical applications suggest that adequate gas exchange
can be maintained for weeks If necessary and that death due to
inability of damaged lungs to function can be forestalled long
enough for reparative process to reestablish normal function.

In maintaining alert animals with a fibrlllating heart it

suggests that bypass oxygenation can relieve the heart from the
burden of maintaining pulmonary circulation and possibly contri-
bute to survival from myocardial Infarction.

^.fs-
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The improvement in perfusion technology occasioned by develop-
ments" in catheter, pump chambers, and Instrumentation for main-
taining optimum phusiologlcal conditions emphasized the need for
continued developm.ent of instruments for optimum use of modern
technology in medical therapy.

Proposed Course:

1. Clinical studies in long-term respiratory assistance
with an extracorporeal membrane lung will be continued.
Clinical facilities are being set up at a central place
to permit prompt initiation of membrane lung assist for
respiratory failure. These facilities can be equally
suitable to provide cardiac assist in patients in need
of temporary circulatory support.

2. We will continue our studies to evaluate long-term
total cardio-pulmonary assist with the extracorporeal
membrane lung perfusion system in unanesthetized animals.

3. Our program in long-term extracorporeal respiratory
blood gas exchange and cardiac assist will be extended.
It will include study of factors that will make short
term perfusions clinically safe; it will explore methods
that will allow perfusion to be performed for as long
as one month. High priority will be given to the use
of a "zero defect" membrane lung, and the incorporation
of state of the art hypothrombogenlc membrane surfaces.

4. Our contract with the Becton-Dickinson Research
Center will be extended to explore methods for the manu-
facture of "zero defect" spiral membrane lungs. Main
emphasis will lie in the production of reinforced high
quality, defect free silicone rubber membrane. At the
same time, they will supply us with membrane lungs of
differing capacity and assembly for laboratory use.

Honors and Awards : None

Publications

:

1. Kolobow, T.; Spragg, E.G.; Pierce, J.E.; and Zapol, W.M.:
Extended Term (to 16 days) Partial Extracorporeal Blood Gas
Exchange with the Spiral Membrane Lung in Unanesthetized
Lambs, Proceedings . of the American Society for Artificial
Internal Organs, Vol XVII , in press.

?.
. Kolobow, T. and Zapol, W.M.: Partial and Total Extra-

Corporeal Respiratory Gas Exchange with the Spiral Membrane
Lung, Advances in Cardiology, in Press.
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3. Zapol, W.M.; Kolobow, T.; Kcppman, J.; and Pierce, J.E.:
Response of Ductus Arteriosus and Pulmonary Flood Flow to
Blood Oxygen Tension in Immersed Lamb Fetuses Perfused
through an Artificial Placenta, J. Thoracic & Cardiovascular
Surgery, '

'
.
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Serial No. NHLI-268
Laboratory of Technical Development
Be the s da, Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Dual-Frequency Ultrasonic Flowmeter

Previous Serial Number: NHLI-190

Principal Investigator: Frank W. Noble

Other Investigators : None

Cooperating Units: None

Project Description:

Objectives: To modify and evaluate an ultrasonic flowmeter
for measurement of blood flow.

Methods Employed: The present flowmeter system was de-
scribed in Individual Project Reports NHI-200j NHI-330, and
NHLI-I90. We have continued to investigate methods for reducing
zero drift and improving accuracy of flow indications.

Major Findings: Two major deficiencies of this and all
other cw phase measuring systems are artefacts due to reflected
waves and drift in both zero and slope due to the fact that
time measuring systems are affected by change in the sound speed
in the liquid. A new system has been conceived in which fre-
quency is automatically varied to force a constant wavelength
in the cell. Measurement of the frequency difference between
upstream and downstream sound propagation yields flow speed
independent of sound speed, and average frequency yields sound
speed independent of flow speed. In addition, it is expected
that artefacts due to reflected waves will largely disappear
because the number of wavelengths in the cell path is held con-
stant .

Signficance to Bio-medical Research and the Program of the
Institute: Accurate, dependable flow measurement in vessels
of varying size and location continues to be a problem. We
favor the ultrasonic system because the transducers are simple
and small and because it is possible to telemeter through in-
tact skin.

Proposed Course: The new constant-phase system will be
built and tested in vitro. A comparison will then be made
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against the system now In being, and the better method will be
further refined.

Honors and Awards : None

Publications: None
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Serial No. NHLI-269
Laboratory of Technical Development
Bethesda, Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Peltier-Seebeck Equillbrator

Previous Serial Number: None

Principal Investigator: Frank W. Noble

Other Investigators: Robert L. Bowman
Peter Carmeci

Cooperating Units: None

Project Description:

Objectives: We wish to measure the rate of heat generated
within a small (less than 4 mm^ ) cell without allowing the cell
temperature to rise above a desired ambient . If sufficient
sensitivity can be obtained, it may be possible to monitor the
growth rate of bacteria at constant temperature. Other possi-
bilities include the study of thermal properties of chemical
reactions at constant temperature.

Methods Employed: Since the advent of commercially avail-
able Bismuth Telluride Alloys, it has become practical to pro-
duce miniature refrigerators using the Peltier cooling effect.
These devices can also sense temperature differences by means
of the Seebeck effect. We have designed and built a device
v/hich senses temperature difference during half of a cycle and
restores temperature equilibrium during the other half of the
cycle. The Peltier current required to maintain temperature
equilibrium is a measure of the heat rate output of the cell
contents, while the temperature remains essentially constant.

Major Findings: Known heat rate inputs have been produced
by passing measured currents through a miniature resistor lo-
cated within the cell. Under open-loop conditions, it has been
possible to detect heat rates of 25 microwatts, corresponding to
the heat output of about one million bacteria.

Significance to Bio-Medical Research and the Program of
the Institute: If it were possible to record the growth rate
of bacteria continuously and without attention, the study of
the effects of temperature, drugs, nutrients, etc. would be
immensely facilitated.

Too
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Proposed Course: We intend to increase the thermal sensi-
tivity of the instrument and reduce the physical size of the cell
to the greatest possible extent. Tests will be made using live
bacteria in addition to the resistor heat generator, so that
the cell thermal sensitivity may be calibrated with the bacteria
in place. Clock-type chemical reactions will be observed to
obtain their time course as well as their total heat output.

Honors and Awards None

Publications None
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Serial No. NHLI-270
Laboratory of Technical Development
Bethesda,' Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: An Automated Method for Rapid Bacteriological
Assay

Previous Serial No.:

Principal Investigator: Robert L. Bowman

Other Investigators: Peter Carmeci
Gerald G. Vurek
Nelson Braslow

Cooperating Units: Clinical Chemistry Lab.
Department of Laboratory Medicine
University of Minnesota Hospital

Laboratory of Infectious Diseases, NIAID

Project Description

Objectives: The objectives of this project are to develop
the techniques and methods necessary to facilitate the
utilization of the capillary tube scanner for clinical and
research application. At the present time efforts have
been expended in the following five areas of endeavor.

A. Developing methods and teqhniques for automating
antibiotic sensitivity tests.

B. Developing methods of pulse height discrimination
for segregating types of colonies during incubation.

C. Developing methods for early detection of Myco-
plasma (Pneumonia).

D. Development of methods for detecting the growth
characteristics and effects of antim
loma and other neoplastic cell types
characteristics and effects of antimetabolites on mye- M

E. Development of a method for isolating and monitoring
the growth of extremely small quantities of bacteria.

A. Antibiotic Sensitivity.

The efforts to date have been oriented towards
developing an inexpensive and readily automated
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method for performing antibiotic sensitivity tests
using the Colony Counter system developed here.
The approach has been to replace the capillary
tubes with a single plastic plate containing 14
channels that will accept a mixture of agar and
organisms. Each channel of the plate contains a
strip of antibiotic impregnated filter paper.
This paper is bonded to the side of the channel
so that the light path is not obstructed. The
entire plate is covered with an adhesive backed
mylar film. The entire plate can readily be pre-
pared and stored prior to injection of an agar-
bacteria solution. To date a plate has been de-
signed and the technique is undergoing tests by
Dr. Blume at the University of Minnesota. Sub-
sequent work will be aimed at automated methods
for preparing and filling the plates. Commercial
prototype instruments provided by Aminco are being
used in this project. A patent has been granted for
the bacterial counter.
B. Pulse height discrimination for bacteris has been
investigated using manual techniques . This has
shown that further investigation would be fruit-
ful, in that we demonstrated the growth rates of
E. Coli, Strep, Mycoplasma and Myeloma cells can
be readily characterized and subtle changes in
growth can be distinguished.

C. A number of attempts at trying to detect
mycoplasma (Pneumonia) have been tried using the
capillary scanner. Because of the long time re-
quired to incubate these mycoplasma it would be
very beneficial to be able to detect and count
them at an early stage in their development. The
usual methods of mixing organisms into agar and
filling the capillaries is not conducive to myco-
plasma growth. The characteristic of micoplasma
to settle onto the walls of the glass capillary
while in a broth was exploited. Preliminary re-
sults have shown that by filling the capillaries
with a mixture of broth and organisms and allowing
them to settle for a day or so, that they can be
detected and counted in about 48 hours. Further
testing and development of an optimum technique
is presently underway.

D. Myeloma growth characteristics. Preliminary
investigations in detecting the growth curves of
Myeloma cells and the effects of chemotherapeutic
antimetabolites has been successful. It has been
demonstrated that cell sensitivity to specific

2 >3

I
w



Serial No. NHLI-270

metabolites at known concentrations can be deter-
mined readily within 13 hours. Further investi-
gations will attempt to determine effective doses
of specific antimetabolites for Myeloma and other
types of neoplastic cells.

E. Efforts have been expended in the preliminary (

investigation and development of a method for
aligning bacterial cells in agar in a single line
about the peripheral surface of an optically clear'
planchet. The bacteria are aligned by centrifu-
gation in the planchet and their growth and
susceptability to antibiotic agents can readily
be monitored optically or by scattered light.
Bacterial suspensions of 100/ml have been centri- :

fuged at 6000 RPN and grown in a line about the i

periphery of a 1-1/2* diameter planchet. It has
been demonstrated that the growth of an individual
colony can readily be maintained. Efforts to date
have been expended in designing and developing
techniques for centrifugation . Future efforts wil!
be directed towards greater dilutions of bacterial
suspensions and design of smaller planchets.

^gy P^ .-, -- . — ^ ^ ^
growth of colonies and (b) methods that are readily adaptable to
automation and require extremely small samples.

Proposed Course:

A. Continued application to fully automate the anti-
biotic sensitivity testing procedures.

B. Developing hardware for pulse height analysis and
investigating its utilization for segregation of two or
more organisms by their growth rates .

C. Developing techniques for detecting and measuring
mycoplasma (Pneumonia), in cooperation with Dr. Brunner,
NIAID

I
D. Investigation of effects of antimetabolites on Mye-
loma and other neoplastic cell types.

E. Further development of methods for centrifugation
and monitoring of cells.

10^
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Honors and Awards : None

Ji^ubllcations : None
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Serial No. NHLI-271
Laboratory of Technical Development
Bethesda, .Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Blood Flow Measurement Using Nuclear Magnetic
Resonance Techniques

Previous Serial Number: NHLI-I80

Principal Investigators: Vsevelod Kudravcev, Robert L. Bowman

Other Investigators: Anthony Sances, Jr., Ph.D.
Joseph H. Battocletti, Ph.D.

Cooperating Units: Medical College of Wisconsin
Milwaukee, Wisconsin

Project Description:

Objectives: Nuclear magnetic resonance phenomonae provide
a unique approach to physiological measurements because protons
can be stimulated to absorb or emit electromagnetic radiation
that can pass freely through all tissues. Protons have a gyro-
magnetic moment that can be influenced by magnetic and electro-
magnetic fields to cause resonance at a specific frequency. This
resonance and nuclear orientation decays with a time constant of
almost half a second so that the NMR system can mark protons so
that they can be detected for several seconds. Several flow
measuring systems have been investigated and reported previously
but present attention is directed to new systems that permit
highly specific localization of the marked protons with the ex-
pectation that a three dimensional map of cerebral perfusion
parameters could be produced by entirely non-invasive observations.
The presumption being that such observation could be applied to
discovering what part of the population is at greater risk of
having a cerebral vascular accident. In addition such observation
might provide a guide to therapy by indicating progression or re-
solution.

Present observations have been limited to model systems
where it has been established that we can, by application of a

large magnetic field for a second or two to flowing blood, render
this blood specifically susceptible to a second electromagnetic
field that can erase the magnetic marker. When the second field
Is spaced along the course of the blood flow only that blood that
was in the sphere of influence of the second field will have the
signal erased. When the erasing field is pulsed the blood passing
thru that region will have a modulated marker that can be detected
in the blood draining that region.
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The fact that the erasing field can be localized In space
and that the head can be positioned In that space suggests that
a specific region can be measured and changes In flow produced by
COp Inhalation evaluated.

A proposed configuration for the measurement of cerebral
blood flow Includes a polarizing magnet In the thoracic region,
a depolarizing scheme steerable throughout the head region and
a detector coll In the neck region. Relative transit times from
selected regions In the head to the detector compared between
right and left sides can be used to establish circulatory ab-
normalities. The physical size limitations of the patient and
the equipment as well as the time restrictions established by
typical flow patterns require that the nuclear magnetic resonance
detection system have great sensitivity and versatility. The
work performed during the past year has been aimed at Improving
the detection scheme.

Major Findings: Several new methods of signal detection de-
veloped near the end of the 1970 report period have been confirmed
to have sufficient promise that the major activity this year was
devoted to reconstructing the equipment to permit the use of those
new signal detection systems and apply them to structures as large
as the head and neck.

The need for highly sensitive detection systems Is based on
the fact that most protons lose the marker with a time constant
of 0.4 seconds while the transit time thru the head Is on the or-
der of 7 seconds. We have decided to determine the volume re-
solution that these times will permit In corss perfusion systems
that are being run for us under a contract with the Medical College
of Wisconsin. The cooperation with the Medical College (Dr. Sances)
provides a team that Includes a NMR engineer and the physiological
and surgical faculties of the medical school where animal experi-
ments can be performed and correlated with cerebral radioanglo-
graphy and radio Isotope methods

.

In this first year the contractors have confirmed our tag
detect system In monkey limbs and the ability to detect the tagged

flow when flow was only one thousandth of the volume of the tissue

In the detector head.

Design criteria have been established for the equipment to be

used at the Medical College of Wisconsin which will be based on

conversion of commercially available NMR system used to measure

flow In pipes sold by the Badger Meter Company. It is anticipated

that a commercial source of this rather specialized gear can be

developed by further cooperation with this company.

yo7
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Significance to Biomedical Research and the Program of the
Institute: These non-invasive techniques hold promise to discover
those individuals who are at risk due to vascular disease pre-
disposing to stroke. If sufficient sensitivity and spatial dis-
crimination can be obtained the method may be applicable to
evaluate therapy by measuring progression or improvem.ent . The
same technique or a modification has potential for measuring myo-
cardial blood flow with similar limitations and potentials.

Proposed Course: This laboratory will assemble the new
system that will permit the refinement of the electronic signal
modulation and detection at low field strengths that optimize condl
tions for detecting the weak signal in the neck.

The apparatus built here will permit a wide selection of
modulation and detecting methods to be evaluated in the special
physiological circumstances that prevent clear predictions of
the best method to be make.

The contract with the Medical College of Wisconsin is being
renewed to permit observations on animal and humans to be made
with a selected group of apparatus adaptable from commercially
available pipe line flow metering equipment. Cross circulation
experiments to determine what proportion of labeled protons ex-
capt from the circulation and v»rhat their escape does to limit
the measurements. Some newer mechanical modulation that may
provide additional specificity has already been suggested to
increase the versatility of the techniques.

Honors and Awards: None

Publications

:

Battocletti, J.H.; Bowman, R.L.; Kudravcev, V.; Sances, A.;
Jr.: Larson, S.J.; Lineham, J.H.; HaQback, R.E.; Antonich,
F.J.; Genthe, V/.K.; and Evans, S.K.: An off-resonance non-
intrusive magnetic method for measurement of blood flow,
J. for the American Adv. of Med. Instru., In Press.
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Laboratory of Technical Development
Bethesda, Maryland 20014

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: An Investigation and Development of Methods for
the Study of the Mechanism of Enzyme Action and
Function in Cellular Systems and in Solution

Previous Serial No.: NHLI-193

Principal Investigator: Robert L. Berger

Other Investigators: N.O. Kaplan, J. Everse, L. Bernstein, R.R.
Fisher, J.W. Roughton, M. Marini, A. A.
Benson, E. Antonlni, E. Baird Hastings,
J. Masserglan and L. Rossl-Bernardi

Cooperating Units: BEI-DRS, LPB-NIAMD; Institute of Chemical
Biology, University of Milan; Institute of
Molecular Biology, University of Rome; School
of Medicine, Northwestern University; Depart-
ment of Chemistry, Department of Medicine,
Scripps Institution of Oceanography; University
of California at San Diego; Jet Propulsion
Laboratory; American Instrument Company,
Silver Spring, Maryland; Department of
Engineering Mechanics, Penn State University

Project Description:

Objectives: The objectives of this project are to investi-
gate and develop new instrumentation methods, data handling tech-
niques, and theoretical treatments for the physlochemlcal s u y
of the thermocynamlcs , rates, and mechanisms of enzyme action in
solutions and in the Intact membrane. In particular to study, in
collaboration with other laboratories, the mechanism of action
of enzymes of the cardiovascular system and where appropriate
application Is indicated, develop clinical analytical methods
using these techniques.

Methods Employed: The methods used in the Investigation of
mechanisms of enzyme action are those of pre-steady chemical
kinetics, and thermodynamics. Measurements' of the appropriate
parameters are made by building the necessary equipment to mix
solutions rapidly and follow the course of the resulting chemical
reactions by optical, thermal, glass electrode, etc. In general,
equipment Is not available either in the literature or commercially.

109



Serial No. NHLI-272

for investigations in this area. Such apparatus is conceived and
designed in this laboratory, together with consultants, con-
struction being carried out wherever most appropriate, i.e., in
our shops or by commercial firms, special university facilities,
or at the several special research laboratories such as the Jet
Propulsion Laboratory. A special effort is then made to have
commercial versions of the equipment available to the public.
In pursuing these investigations, a wide variety of physical
parameters must be studied which leads to the need for an under-
standing of the underlying physical theory governing the reactions
and expert consultants and collaborators are brought in to assist
in the design, analysis, and evaluation of the equipment, parti-
cularly as it applies to certain specific enzyme systems under
investigation.

Major Findings: This year has been spent as a visiting
scientist in the Department of Chemistry and the School of Medi-
cine, University of California at San Diego. Much of the equip-
ment that has been developed for the study of the mechanism of
enzyme action has been brought here. The equipment, its area of
usefulness and the interpretation of the data it provides, has
been introduced to the faculty and students . The work may be
divided into that being done with medically-oriented groups,
enzymologists , physical biochemists, and analytical clinical
chemistry. Of particular interest is the fact that since all of
these people are using the equipment, they have been interacting
while so doing which in Itself has been most fruitful.

The use of the stopped-flow apparatus for the study of bio-
chemical reactions has been extended to include fluorescence and
polarization detection methods. By attaching Glan Prisms from
the Aminco-Bowman spectrofluorometer , a very simple absorption
or fluorescence polarization system can be set up. Three systems
have been extensively investigated during the past year.

1. Investigation of the Mechanism of Action of Heart
and Muscle Type Lactate Dehydrogenase: During our
investigations into the chemical and kinetic mechanisms
of various pyridine nucleotide linked dehydrogenases
we studied the binding of 3-acetylpyridine-DPN+ (AcPyDPN+)
to the lactate dehydrogenases of chicken heart and skel- i

etal muscle. Since the binding of the coenzyme to the J
enzymes is extremely fast, we used an Aminco-Berger
stopped-flow apparatus for these studies . The enzymes
are tetramers, and bind four moles of coenzyme per mole
of enzyme. Our results show, that the binding constants
for each of the four coenzyme molecules are identical,
suggesting that the four subunits act independent of
each other with respect to the binding of the coenzyme.
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The binding may be followed by the decrease In the pro-
tein fluorescence, as well as by the resulting enhance-
ment of the coenzyme fluorescence. Figure 1 shows the
decrease of the protein fluorescence as a result of the
binding of four moles of AcPyDPN+ per mole of enzyme.
The analysis of the observed rate indicates that the
reaction is bimolecular, with an observed rate constant
of 7.95 X 107 liters mole "-'- sec~-^. Figure 2 shows the
increase in the coenzyme fluorescence which is observed
under the same conditions. The analysis indicates that
the rate represents a unimolecular reaction, with an
observed rate constant of 95 sec"-'-. These results in-
dicate that the rate represents a unimolecular reaction
with an observed rate constant of 95 sec"-^. These re-
sults indicate that rollowing the binding of the co-
enzyme a rearrangement takes place in the complex,
which is about a. factor 3 slower than the actual binding
itself. Such observations are of extreme importance for
a proper understanding of the kinetic mechanism of an
enzyme

.

DNP+ in alkaline solutions reacts with pyruvate (and
other nucleophilllc reagents) to form adducts. The
formation of the DPN-pyruvate adduct involves a nucleo-
philllc attack by pyruvate at the 4-position of the ni-
cotinamide ring, and a nucleophlllc attack by the amide
nitrogen at the carbonyl group of the pyruvate. Both
muclrophilic reactions are base catalyzed. In order
to ascertain in what order the two reactions occur,
studies were performed with the use of the Aminco-
Morrow stopped-flow apparatus. The reaction may be
followed by measuring the increase in fluorescence (the
product is fluorescent, whereas the reactants are not),
as well as by measuring the Increase in absorption at
340 mp, . Figure 3 shows that the absorption at 3^0 my,

increases immediately, whereas the increase in fluor-
escense shows a considerable lagtime . These results
were Interpreted to indicate that the first reaction
involves the attack by pyruvate at the ^-position of
the nicotinamide ring. This results in the formation
of a dihydropyridine ring (see Figure 4), which is

known to absorb at 3^0 mn • The formation of the
fluorescent compound is thus the result of the ring
closure, by the attack of the amide nitrogen at the
carbonyl carbon of pyruvate.

The elucidation of the sequence of the two reactions
was of importance In the understanding of the chemical
mechanism of lactate dehydrogenase.
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H-type lactate dehydrogenases are Inhibited by high

levels of pyruvate during enzymatic assays. This in-

hibition is a result of the formation of a ternary
complex, consisting of enzyme, DPN+ and pyruvate. The
question thus arises whether this ternary complex may
also be formed under physiological conditions, in which
the enzyme concentration is estimated to be or the order

{

of 10~° M. To follow the reaction of these high enzyme
levels we used an Aminco-Morrow' stopped-flow apparatus.
Physiological concentrations of DPN+, pyruvate and
chicken heart lactate dehydrogenase were added together
at time zero, and transferred into one of the reservoirs
of the stopped-flow apparatus. The other reservoir
contained a DPNH solution. At varying pre-incubation
times the activity of the enzyme was measured. The
results, shown in Figure 5, clearly indicate that the
enzyme is almost completely inhibited following 20

minutes of pre-incubation. This observation indicates,
that the ternary complex may be form.ed under these con-
ditions, and thus that the complex may be of physiologi-
cal importance.

In order to ascertain if the lactate dehydrogenase in
heart tissue is actually partly present in the form of
a ternary complex the following experiment was performed :(|

2 grams of fresh chicken hearts were minced in a blender
with 10 ml of phosphate buffer for 30 seconds. The
suspension was then filtered over a Buchner funnel and
the relatively clear extract was assayed in an Aminco-
Morrow apparatus, which had been previously supplied
with a solution of DPNH and pyruvate. Using this tech-
nique it was possible to measure the enzymatic activity
within 3 minutes after the initiation of the tissue
grinding. Figure 6 shows that the activity increased
significantly upon standing. Maximum activity was
achieved following a dialysis overnight, and was found
to be almost 300^ of the original activity. This in-
dicates that at least 65% of the lactate dehydrogenase
in the heart muscle is present in an inactivated form.

2. Investigation of Mitochondrial Energy-linked Pyri-
dine Nucleotide Transhydrogenation : The initial rate i

of the mitochondrial energy-linked pyridine nucleotide
transhydrogenase reaction (equation 1) has been studied
by stop-flow spectroscopy. This was accomplished by ,

utilizine a TPN+ analog, thio-TPN+, as a substrate. '

Thio-TPN+ has a reduced absorption spectrum sufficiently
different from DPNH so that its reduction can be measured
independently from the oxidation of DPNH.
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(1) DPNH + TPN"*" + X-^ y DPN"*" + TPNH + X + Y

In equation 1, X^ Y represents a non-phosphorylated
high-energy intermediate associated with the process
of oxidative phosphorylation which is formed as a
result of succinate (or other substrate) oxidation or
ATP hydrolysis.

A lag (20-50 sec) In thio-TPN reduction was observed
when the reaction was initiated by the addition of
either succinate of ATP, However, no lag was observed
if the mitochondrial membranes were prelncubated with
succinate or ATP, indicating that the formation of X Y,
and not the formation of modified pyridine nucleotides,
is initially rate limiting. Conformational changes in
the membrane resulting from energization by succinate
or ATP, measured with the fluorescent probe, 8-anillno-
1-napthalene sulfonic acid (ANS), showed no lag and were
half-maximal after 5 sec. In 9Q% D2O, the transhydro-
genase lag time was doubled, but the rate of conforma-
tional change was relatively unaffected. These and
other studies indicate that the high-energy intermediate
reactive In transhydrogenatlon is different from and in
equilibrium with the energized lntermedlate( s ) of oxi-
dative phosphorylation.

3. Investigation of Mitochondrial Malate Dehydrogenase:
Mitochondrial malate dehydrogenase, like heart type
lactate dehydrogenase. Is an Important enzyme to be
utilized for the clinical diagnosis and management of
acute and healing myocardial infarction, or of pre-
infectlon angina. Although it has never been shown, on
one might expect to find that this enzyme has parti-
cular value In that it is mitochondrial bound, and
therefore it would only be released from severaly
ischemic tissue, which is a prognostlcally useful
finding

.

The pyridine nucleotide coenzyme-llnked dehydrogenase,
malata dehydrogenase, has the property of being in-
hibited by high concentrations of oxalacetate and it
has mitochondrial and supernatant Isozymes . The sub-
strate inhibition is related to the formation of an
abortive ternary complex composed of mitochondrial
malate dehydrogenase, oxidized diphosphopyrldlne nu-
cleotide and oxalacetate. The compound has an absorption
maximum at a wavelength near that of the reduced co-
enzyme. In addition, there is a binary compound formed
between the oxidized coenzyme and oxalacetate, which
has maximum absorption at the wavelength of the maximum
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absorption of the reduced coenzyme. The kinetics of
the formation and of the breakdown of the binary and thf

ternary compounds have been carried out using stopped-
flow techniques for the reactions involving both DPN
and 3-Acetylpyridine DPN compounds

.

The results show that the formation of bhe binary com-^
pound is base catalyzed. The formation of the ternary
compound appears to proceed in two steps, one of which
is rapid followed by a slow step, and the fast step
might be related to the formation of the binary com-
pound. The compound formed by the addition of the enzyr!
to the binary compound is identical to the ternary com-
plex. Detailed studies are now underway to elucidate
the intermediate steps in the formation of these com-
pounds .

An extensive series of testing, redesigning and re-
testing has been carried out on a small simple stopped-
f lov; pH-thermal apparatus . Two types of thermal de-
tectors have been tested. The first was a thermistor
unit which demonstrated that sensitivities of 100 m.icro'
calories could readily be achieved in the rather slow
time response of the system, i.e., 50 milliseconds.
Furthermore, problems developed with acid and alkali fattacking the thermistor thru its glass envelope so
that over several weeks of constant use troubles of
reduction in sensitivity and increase in noise developec
A new commercial unit was secured and is presently undei
going tests. In addition, bare thermistors have been
obtained from two manufacturers and hopefully will be
made into probes since it is highly desirable to get
the 10% to 90% response time in 25 milliseconds. Pre-
sent work has been carried out in a 3 mm diameter tube.
Even so, only 100 microliters of each reagent was re-
quired. By making the probes much smaller, the interna]
diameter of the observation tube can be made only 1 . 5 mn
in diameter, which should give a considerable improve-
ment .

C
The second unit tested was the thin-film temperature
sensor developed for us by the Jet Propulsion Lab.
The speed of response of the Paralyene C coated units
is 100 microseconds with a sensitivity of I50 mv/S out
of the temporary bridge-amplifier they built for us.
Because of the high second Harmonic content 6'f the
bridge, it was impossible to accurately determine the
noise of the unit. We can say that it is less than
100 microvolts, but how much will have to await a better
bridge. A new mounting was made so that it could be A
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used In the high-speed stopped-flow thermal apparatus
and this will be tested In the next year. At the same
time a new stronger thermocouple has been obtained for
this unit and will also undergo durability tests.

The stopped-flow pH apparatus has been extensively
tested with the following results: Small flow system,
2 mm glass electrodes, Ingold Type lot #203-GA 31 or 32
referenced against a similar electorde gave reasonable
results with Inorganic reactions but became very sluggish
after 4 or 5 shots with proteins . Cleaning with Clorox
restored both response and sensitivity. However, it
was found that unless the reaction vessel is completely
isolated from ground, it is impossible to maintain a

known reference level. Furthermore, the reference glass
electrode must be flushed after each reaction. This was
also found In the large apparatus with the 8 mm Ingold
Electrode Type lot #202-LC, although the fast flow
velocity and large area apparently produces much better
cleaning action as it was only necessary to clean with
Clorox at the end of the days work. While both the
thermal and pH system work, considerable refinement
will be needed to make them working instrument.

The purpose for which the high-speed flow system was
originally designed was the measurement of the "on"
constant for oxyhemoglobin. These measurements were
made and published several years ago before the im-
portance of 2-3 DGP was recognized. During the past
year, we have been engaged in the preparation of truly
2-3 DPG isolonlc hemoglobin. An excellent preparation
has now been made and an extremely sensitive test for
2-3 DPG worked out. At the present time we have been
able to demonstrate that at least 2 moles of 2-3 DPG
are bound to reduced hemoglobin and that one of these
molecules is very tightly bound and can only be re-
moved enzymatlcally with a mutase of by dialysis in
3 M NaCl.

Using this preparation the "on" kinetics of Hb + CO

and Hb + Op have been determined with and without 2-3

DPG with isolonlc hemoglobin and no buffer. The re-
sults, in agreement with Antoninl and Brunori (1) on

CO, show that there is a three-fold Increase in the

"on" rate. We find this to also be true for Op. Kil-
martln and Rossl-Bernardl (2,3) have demonstrated that

COp reacts with the terminal a -amino groups of both the

or and P chain but that the affinities are different.
Riggs (4) has shown that 2-3 DPG, ATP and Phosphate
compete for the CO2 site. It is not clear if this is
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i

i

the e cha5.n c^ -amino or the a chain or both. Doubly
blocked and singly blocked hemoglobin is presently
being prepared by Kllmartin and Rossi-Bernardi to deter
mine this. In order to clarify the dissociation curve
we plan to run kinetic tests on our hemoglobin with and
without 203 DPG, ATP and in the presence and absence of
COp-Bicarbonate . These experiments will be reported
on single and doubly blocked hemoglobin supplied by th
Kilmartin-Rossi-Bernardi group.- The importance of a
clear understanding of this problem is extremely im-
portant for the understanding of a number of clinic
management problems in respiratory physiology.

A second question which has arisen and is now being
pursued is the question of reported increased glycosis
in sickle cells, which other workers claim gives an
increased 203 DPG level (SjS). We will repeat these
experiments, while at the same time explore the possi-
bility of using appropriate inhibitors to reduce 2-3
DPG levels in the cell thus reducing the tendency to
sickle. This may offer some hope for the clinical
management of Sickle Cell Anemia. This will be done ii

cooperation with E. Antonini (Rome).

References: i

(1) Antonini, E. and Brunori , M. "On the Rate of Reaction of an
Organic Phosphate (ATP) with Deoxyhemoglobin" PEBS Letters,
Vol. 7 , 352-352, 1970.

(2) Kllmartin, J.V. and Rossi-Bernardi, L. In Carbon Dioxide :

Chemical, Biochemical and Physiological Aspects, P. 73
(NASA No SP-188), U.S. Government Printing Office, Washingto
D.C.

(3) Kllmartin, J.V, and Rossi-Bernardi, L. "The Binding of Carbo
Dioxide by Horse Hemoglobin" Biochemical Journal, In Press,
1971.

(4) Tomita, S. and Riggs, A. "Studies of the INteraction of 2-<
DPG and COp with Hemoglobin from Mouse, Man and Elephant"
JBC 2ii6, 5^7-559, 1971.
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Anemic

, J. of Clinical Invest., 49, 806-812, 1970.
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Current Research:

1. Stopped flow measurements using the polarization system
are being conducted to determine detection levels and general
usefulness

.

2. Thermistor probes are being built for the two stopped-
flow machines (they can be interchanged) and they will be tested
for stability, reproducivility and sensitivity as well as speed
of response. Using large scale-high purity enzymes prepared by
the biochemistry group, a series of tests will be performed to
determine the instruments applicability to clinical chemistry
problems where rapid ( 1 per second), small sample (25 micro-
liters) and high sensitivity (2% or normal serum levels at a 100
to 1 dilution) are needed.

I o

1 2

3. A Calomel reference system and a completely isolated re-
action cell will be tested in the hopes of eliminating the physi-
cal problems in stopped-flow pH . Several turpid solution reactions
will then be used to test the system for direct cellular studies.

4. The application of the various flow systems to problems
of both biochemical and clinical interests will continue with
particular emphasis on the correlation in the rise of heart
muscle LDH during myocardial infarction and the extent of cell
rupture and resultant organ damage

.

Honors: Invited Lecturer to the Universities of Cambridge, Milan
and Rome

.

Publications and Papers:

1. J. Everse, R.L. Berger and N.O, Kaplan, "Physiological
Concentrations of Lactate Dehydrogenase and Substrate Inhi-
bition", Science, 168_, 1236 (1970).

2. J. Everse, R.L. Berger and N.O. Kaplan, "Complexes of
Pyridine Nucleotides and their Function", in a symposium on
Respiratory Enzymes (In honor of H. Theorell), In Press .

3. J. Everse and R.L. Berger, "Function of Complexes of
Pyridine Nucleotides", Invited paper, American Chemical
Society Meeting, September, 1970, Chicago.
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Laboratory cf Technical Development
Bethesda, Maryland 2001^1

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Development of Stopped-Plow Micro-Calorimetry for
the Study of Biochemical and Cellular Reactions

Previous Serial No.: NHLI-192

Principal Investigator: Robert L. Berger

Other Investigators: W.E. Evans, M. Marini, N. Davids

Cooperating Units: Southern Regional R search Laboratory, Depart-
ment of Agriculture, New Orleans, Louisiana;
S. Hobbs, Research Instrument Shop, School of
Medicine, Univeristy of California at San
Diego; Department of Biochemistry, School of
Medicine, Northwestern University; Department
of Eng. Mech., Penn State University.

Project Description:

Objectives: Virtually all chemical reactions produce heat
and calorimetry has long been used to investigate them. For bio-
logical use, however, high sensitivity, small volumes of reactants,
and short equilibration times are needed. It is the objective of
this project to develop such an instrument for use in the time
range of a few seconds to 1 or 2 hours.

Methods Employed: Initial designs are constructed in this
laboratory with special assistance from commercial firms in the
construction of sensors; contracts are let, where warranted, for
the development of a completed instrument with refinements that
would tax our own facilities. The instrument is then tested in
conjunction with other interested biochemical calorimetists
utilizing appropriate enzymatic and cellular reactions.

Major Findings: The attempt to obtain thermopiles commerciallj;
for the Calvet-Evans Calorimeter has been abandoned and their con-|i
struction has been carried out in the Research Instrument Shop of

"
the School of Medicine, UCSD. Excellent units have been made and
the detailed procedure documented. Final assembly is currently
underway

.

The differential mixing calorimeter has been tested as to
its applicability for use on reactions of interest clinicallv.
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Preliminary tests indicate that glucose can be det
0.01 milliliter sample to a + 2^ using glucose oxi
lase. An investigation of the various factors whi
duce interference is being carried out. The very-

time (1-1/2 hours of this unit make it very diffic
than 2 to 3 experiments per day. This was one of
sons for the construction of the Calvet=Evans unit
flow ball mixer sampling unit. None the less, it

these initial experiments that the thermal method
practical advantage in that greatly simplified che
be performed.

ermined on a
dase and cata-
ch might pro-
slow equilibrium
ult to do more
the major rea-
with a stopped-

is clear from
offers a great
mlstries may

Work has progressed on the thermal titration apparatus to

the point that a full scale sensitivity of ^ millicalories with
an electrical noise of about 30 microcalorles peak-peak has been
achieved. The thermostating system produced much larger vari-
ations, i.e, about 1 millicalorie per 5 minutes. An improved
thermostat has been installed. The thermistor used was the same

one as used for the stopped-flow system. Tests are underway
with the new unit and a full field test on an enzyme system will
be conducted.

Current Research:

A working unit will be ready by June 1st. Testing will be

carried out on standard reactions. The utilization of this

instrument to study the feasibility of using thermal methods for

many of the tests now used in clinical medicine will be under-

taken. Preliminary work has indicated the method is excellent
for glucose determinations using glucose oxidase.

Honors and Awards None

Publications

:

1. S.K. Devi, R.Moore, N. Davids, A.F. Findeis, and R.L.

Berger, "Simulation of Water Movement Across the Cell Mem-

brane in a Hypertonic Medium" Comput . Biol, and Med. Vol

1, p. 141-155, 1970.
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ANNUAL REPORT OF THE
MOLECULAR DISEASE BRANCH

NATIONAL HEART AND LUNG INSTITUTE

July 1, 1970 through June 30, 1971

The Molecular Disease Branch contains six sections; two of these are
autonomous: the Section on Lipid Metabolism, and the Section on Human
Genetics. The others are coordinated into a working group primarily con-
cerned Awith plasma lipoproteins and genetically determined disorders of lipid

metabolism. The latter group also maintains an inpatient and outpatient

clinical service which also permits clinical investigation of hematologic prob-
lems by staff of the Section on Human Gtenetics. A coordinate program with

the Section on Peptide Chemistry, EB, is maintained whereby some aspects
of the structure of plasma lipoproteins are further explored, particularly the

determination of covalent structure of the apolipoproteins.

Activities Related to Plasma Lipoproteins and Molecular Diseases
(Sections headed by Drs. Fredrickson, Levy, Gotto and Sloan)

Apolipoproteins . Much of the present work is concentrated upon the apo-
proteins in lipoproteins of which no less than nine are isolable. Four of

these were first isolated in this laboratory. These (identified by their car-
boxyl-terminal residues and followed by designation of the lipoprotein families

in which they appear) are: Apo-val, -glu, -ala-i, and -ala2 (VLDL and HDL),
-ser(LDL), and -gin, -thr]^, -thr2, -thr3 (HDL). The amino acid sequence
of Apo-ala2 will be completed in several more months; it differs from Apo-
ala, only in sialic acid content. It has been shown that Apo-ala probably con-
tains a single glycopeptide; that Apo-val contains no carbohydrate; the sugar
content of -glu is low, but still uncertain. These three major VLDL apopro-
teins bind lipid avidly. Last year, this and another laboratory discovered in-

dependently that Apo-glu is a potent activator of the important enzyme lipo-

protein lipase. The availability of pure apoproteins and specific antisera to

them has permitted continued exploration into their functions. This includes

assistance in establishing that at least two forms of triglyceride lipase activ-

ity are present in tissues and transiently appear in plasma after heparin in-

jection. It has also been shown that normal amounts of the VLD apoproteins

are present in plasma of patients with type I hyperlipoproteinemia and with

abetalipoproteinemia. Their presence in the first dispels possible absence of

lipase activator as cause of this disease. Their presence in abetalipoprotein-

mia has led us to conclude that in this mutant, Apo-ser formation or utilization

is primarily affected and, moreover, that Apo-ser is the apoprotein most critical

for glyceride transport from cells. Pure apoproteins from all of the lipoprotein

I3.f
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families have now also been prepared from rat plasma compared with

human apoproteins. They are also being used in studies of either whole
animals or perfused intestines or livers to determine which apoproteins
are common to VLDL and chylomicrons, their primai-y source and fate

during metabolism.

Much has also been learned about HDL in the past two years. Most
of its apoprotein content is due to Apo-thr and Apo-glu. The latter has
been degraded by pronase to four fractions and the affinity for lipid of

these and of the parent apoproteins extensively studied. Several aspects
are of particular interest: The ability of apolipoproteins to compete with

an enzyme (o-hydroxybutyrate dehydrogenase) for lipid forms a suitable

assay for relative lipid affinity; the ability of HDL to inactivate endotoxin
allows test of complementarity of apoproteins; and studies of the reformation
of lipids and apoproteins into lipoproteins in vitro reveal ^nuch of the re-
quirements for stability and properties of the native complexes. Circular
dichroic spectra and appearance under the electron microscope suggest
that apoprotein, phosphatidyl choline and cholesteryl esters are required
for complete reorganization of the secondary and tertiary structure of re-
combined HDL. Selective affinity chromatography of HDL has been used
to prepare separately Apo-thr- and Apo-gln-subunits to determine whether
both apoprotein occur in all HDL complexes or these lipoproteins circulate

as mixtures of complexes differing in apoprotein content. Electron spin

resonance has been used to show that recombined lipoproteins are not

identical to native lipoproteins.

New Lipoprotein: A new phenomenon, "sinking pre-beta lipoprotein"

was clarified this year. This is triglyceride -poor lipoprotein having pre-
beta mobility and a density of between about 1. 05 and 1. 08 gm/ml. The
incidence of this phenomenon was found in about 10 percent of over 3, 000
plasma samples, shown to distribute as a mendelian dominant trait, and
indiscriminately among normal subjects and patients with different types of

hyperlipoproteinemia. This is the explanation for some "double pre-beta
bands" described by many using agarose electrophoresis of lipoproteins;

it is also an additional reason for using triglyceride concentrations to in-

terpret the significance of prominent pre-betalipoprotein bands, one of the

laboratory's dicta for "phenotyping. " It was then shown by preparing a

specific antiserum that sinking pre-beta is identical to the Lp(a) antigen

described a number of years ago by Berg as an example of beta-lipoprotein
polymorphism. The interpretation of Lp(a) as being present only in bearers
of a particular allelic gene has been questioned by others. We also found,

with highly sensitive assays employing counter-immunoelectrophoresis,
that Lp(a) is detectable in at least 80% of subjects. Pure Lp(a) apoprotein
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has been prepared by affinity chromatography. As a possible "proto-j3-
lipoprotein" or fragment of j3 -lipoprotein, it is an exciting object of
continuing study in this and other laboratories.

Lipoprotein Turnovex-and Metabolism . Human VLDL has been
successfully tagged with I and re -injected in subjects. The label is dis-
tributed among a number of the apoproteins and the appearance and decay
of radioactivity in each and in other lipoproteins has been followed for

many days. These experiments have been of particular interest in reference
to type m hyperlipoproteinemia. Our previous studies having failed to de-
tect an abnormal apoprotein in the circulating "floating beta lipoprotein"

that is characteristic of this disease, attention has turned to a possible

defect in the normal conversion of VLDL to LDL. "Floating beta" lacks
the typical VLDL apoproteins, contains only Apo-ser, but has more
glyceride than normal LDL. The sequential course of radioactivity in

plasma of controls indicates that conversion of VLDL does indeed progress
to LDL through an intermediate of Sf > 12. This intermediate stage is

greatly prolonged in type HI. The metabolic defect responsible now be-

comes the object of intense exploration.

Familial Hypolipoproteinemia. The laboratory continues to screen
and study such patients and their families with a particular emphasis on

sharpening phenotyping and scrutinizing our system of classification. The
latter was "adopted" as a reference by WHO last summer and, in this regard,

we have "officially" broken out two subtypes of type IE (Ila, LDL increased

alone, and Hb, with additional increase in VLDL.) Three major projects

begun this year are of particular note: (1) pursuit of complete information
about vascular involvement of 120 kindreds affected with type n, a study

now over half completed; (2) intensive planning and organization of an inter-

vention study in familial type n (in partnership with the Cardiology Branch),

to use coronary angiography as an end point in a double -blind comparison

of cholestyramine and placebo in patients with prior evidence of coronary

artery disease; and (3) assessment of the need and interest with the American

scientific community for resources for lipid and lipoprotein measurements

and facilities for managing hyperlipoproteinemia - as a necessary step

toward prophylaxis against premature vascular disease - and management

by a staff member (Dr. Levy) of a program to establish a network of such

"Lipid Clinics" within the Extramural Programs of the Institute.

Liver Cell Culture. Embryonic mouse liver cells (the Weymouth line)

have been started and propagated in tissue ctdture as a potential model for

study of many aspects of lipid and lipoprotein metabolism. The propagated

cells (no longer diploid) have already been shown to synthesize briskly

cholesterol, cholesteryl esters, triglycerides and various phospholipids.
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Further Studies of Molecular Diseases. Much effort has been made
to cultivate many lines of fibroblasts mutant for different lipid storage

disease. One group of particular interest are cells from each of the four

types of the sphingomyelin lipidoses which have been used to establish

which types are, and which are not, deficient in sphingomyelinase activity.

We now have the largest collection of type B (deficient) and types C and D
(not deficient) cultures. Tests for all of the enzymatic defects in the lipid

storage diseases are now available for prenatal counseling. Of greatest

interest is the successful near -purification of both normal and mutant
enzymes from patients with two of these diseases. Affinity chromatography
has been used to isolate both sphingomyelinase and cerebroside sulfatase

(aryl-suKatase A). The aim is a search for the different structural

alterations in these enzymes directed by mutation and responsible for cata-

strophic decrease in activity.
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Annual Report of the
Section on Metabolism

Molecular Disease Branch
National Heart and Lung Institute
July 1, 1970 through June 30, 197I

General

The Section on Metabolism is concerned^ as previously, with the mechanisms
underlying hormonal control of lipolysis in fat cells. The role of cyclic AMP
and cyclic GMP in this and other tissues and processes is of major interest,
with attention focused in the past year on cells in culture and phagocytic
cells (as well as fat cells). Investigation of a number of other aspects of
the phagocytic process in granulocytes and alveolar macrophages was made pos-
sible by the development of new methods for the isolation of phagocytic ves-
icles and for assay of the rate of phagocytosis. Studies on dipalmitoyl
lecithin, the active component of pulmonary surfactant, and on the regulation
of cholesterol synthesis in mammalian cells have been continued.

A. Mechanism of hormonal regulation of lipolysis in fat cells

We have found that hormone sensitive lipase in the soluble fraction of
adipose tissue homogenates can be inactivated by incubation with ATP and MgClo.
In order to demonstrate inactivation, after partial purification of the lipase
by ammonium sulfate precipitation, it was necessary to add another fraction,
the active component of which is lost with repeated freezing and thawing, heat-
ing or dialysis. Using these fractions, the effects of pH, nucleotides, ions,
and the concentration of the several components of the system on the rate and
extent of lipase inactivation have been studied. After inactivation with ATP
and MgClg, partial reactivation of the lipase has been achieved by incubation
with ATP, MgCl2, cyclic AMP and a partially purified cyclic AMP-dependent
protein kinase from skeletal muscle.

After investigation of the effects of glucagon on lipolysis and on adenyl
cyclase activity in fat cells, we have concluded that there is a selective loss
of fat cell glucagon receptors with growth in the rat. No similar age-related
change in the response of heart adenyl cyclase to glucagon was demonstrable.

It has been known for several years that insulin inhibits lipolysis in

fat cells, perhaps through its demonstrated effect on intracellular cyclic AMP
concentration. Whether the latter effect results from an insiolin-induced in-

crease in cyclic AMP degradation or inhibition of its formation is unknown.
Since completion of studies on the action of several so-called lipolytic hor-
mones that increase cyclic AMP levels by stimulating adenyl cyclase activity,
a systematic investigation of the effects of insulin on protein kinase, adenyl
cyclase and phosphodiesterase activity has been initiated.
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B. Formation, degradation and action of cyclic AMP and cyclic GMP

This year, after comparing the two procedures for a time, we discontinued
using the phosphorylase bioassay for cyclic AMP (Sutherland) and are now using
only the protein binding method of Gilman (NHLl). We have devised a simple

procedure for p-urifying cyclic GI^ from tissues and a specific protein binding
assay for this nucleotide, and are now able to investigate the effects of hor-
mones and other agents on cyclic GMP levels in fat cells and lung, as well as

in mafflire.lian cells in culture,

1. Cells in culture ; Mouse fibroblasts (L-cells ) respond to prostaglandin
E]_ (PGE]_) with a 10-20 fold increase in cyclic AMP concentration, whereas epi-

nephrine produces only a small elevation. Contrary to earlier reports, we have

found that in hepatoma cells that respond to corticosteroids with an increase

in tyrosine aminotransferase, epinephrine (but not glucagon or PGE^) causes a

2-3 fold elevation in cyclic AMP content. The presence of theophylline, an
inhibitor of cyclic nucleotide phosphodiesterase, was required for this effect,

whereas in L-cells, theophylline enhanced only slightly the response to epi-

nephrine or PGE-j_. The effect of epinephrine was prevented by propranolol,

but not by insulin.

2. Leukocytes ; It has been reported that during phagocytosis of poly-
styrene beads by leukocytes, there is a marked increase in cyclic AMP concen-
tration. These studies were carried out with leukocytes from human peripheral

blood. Such preparations contain several types of cells including platelets.

We have separated human polymorphonuclear leukocytes (PMH) (85-95'?^ pure) and
find that in these cells cyclic AMP levels rise only slightly during phagocyt-
osis, while in a mixture of all other cell types present in the leukocyte

preparation before fractionation, there is a large increase. In relatively
pure populations of rabbit alveolar macrophages and guinea pig polymorphonu-
clear leukocytes (peritoneal exudates) cyclic AMP levels did not significantly
increase during phagocytosis. It appears that phagocytosis probably does not
lead to elevation of cellular cyclic AMP concentrations even in human PMN.

These findings, as well as those with mast cells (v.i.) emphasize again the

difficulties (and pitfalls) in attempting to relate physiological processes

to changes in cyclic AMP content in mixed populations of cells.

3. Mast cells ; On the basis of earlier studies here and elsewhere, a

role for cyclic AMP and catecholamines in modulation of histamine release has

been postulated. Dextran induced release of histamine from rat peritoneal
mast cells, was inhibited by dibutyryl cyclic AMP, theophylline, 10"" M iso-

proterenol and by epinephrine and norepinephrine at higher concentrations.
When incubated with isoproterenol pli:is theophylline, there was a considerable
increase in cyclic AMP content of the cell suspension. The preparations of

cells used in these studies contained, however, large numbers of non-mast cells,
and only minimal changes in cyclic AMP levels were found in purified prepara-
tions of mast cells (which also did not liberate histamine in response to

dextran )

.
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C. Metabolism of lung and phagocytic cells

1. Isolation of phagocytic vesicles ; A method has been devised for the
isolation of intact phagocytic vesicles (PV) in a high state of purity from
cells that had ingested droplets of paraffin oil emulsified with serum albumin.
The paraffin oil -was colored with Oil Red for quantification of phagocytosis.
FV isolated from alveolar macrophages and from human and guinea pig leukocytes
were characterized and compared in terms of content of paraffin oil, protein,
cholesterol, phospholipids (total and individual) and several enzymes. PV
from guinea pig PMN contained acid and alkaline phosphatase, p -glucuronidase,
peroxidase and KADH oxidase activities. With phagocytosis there was an equiv-
alent loss of these enzymes from the granule fraction with no change in total

cell activity or transfer of enzymes into the soluble fraction. FV from human
leukocytes were very similar in composition to those from guinea pig cells.

Alveolar macrophages did not contain measurable alkaline phosphatase or

peroxidase activities. In contrast to the BM catalase which was entirely

soluble,- about half of the macirophage catalase was sedimentable in homogenates

of resting cells. A portion of this was transferred to the PV with phagocyt-

osis along with acid hydrolases from the pellet fraction as in the leukocytes.

Alveolar macrophages from rabbits treated with BCG had greater activity of

acid hydrolases than did cells from normal rabbits and incorporated consider-

ably more of these enzymes into PV.

2. Degranulation during phagocytosis ; Determination of the enzyme con-

tent of PV isolated from guinea pig PMN at several times d-uring phagocytosis

revealed that degranulation was closely coupled temporally to particle uptake

(formation of PV) and when phagocytosis was terminated, little further degranu-

lation occurred. The rates of transfer of p -glucuronidase, peroxidase and

KADH oxidase were sijnilar to each other and different from those of acid and

alkaline phosphatases, probably a reflection of the enzymatic heterogeneity

of the lysosome-like granules in those cells. It has been suggested that PMN

from patients with chronic granulomatous disease do not degranulate normally,

but enzyme activities (per unit of protein or Oil Red O) in PV from cells of

three patients with this disorder were not different from those in PV from

normals; thus no defect in degranulation was evident. The specific activities

of p -glucuronidase and peroxidase in PV from two patients with Chediak-Higashi

syndrome were, however, low.

3. Oxidases in phagocytic cells ; It has been suggested that cyanide

-

resistant pyridine nucleotide oxidases play a part in the generation of hydro-

gen peroxide during phagocytosis. Two fluorometric assays were developed for

assay of these enzymes. Homogenates of PMN (and fractions thereof) displayed

considerably more activity toward NADH than toward NADPH. Study of the NADH

oxidase activity was complicated by marked instability of the enzyme(s) and

anomalous activity vs. substrate behavior. In whole homogenates, there were

apparently two Kin's for KADH, but only the lower Kin activity was found m the

phagocytic vesicles, which contained no detectable KADPH oxidase activity.

In subcellular fractions of leukocytes from patients with chronic granulomatous

disease, which failed to produce hydrogen peroxide during phagocytosis, NADH

oxidase activity was not different from normal.
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H4N incorporate iodide into protein during phagocytosis, presumably by
generating hydrogen peroxide in the presence of peroxidase. After phagocytosis

in the presence of ll25-iodide, iodinated protein was found only in the phago-

c;/tic vesicle fraction, vhich is consistent with the hypothesis that iodination

is an antimicrobial concomitant of phagocytosis.

k. Rate of phagocytosis ; A simple, sensitive assay for rate of phago-

cytosis was developed using as substrate paraffin oil colored with Oil Red

emulsified with albumin. Optimal conditions (medium, time, etc.) for phago-

cytosis by guinea pig PM were established. Stimulation of glucose oxidation

ira.s directly proportional to the initial rate of phagocytosis. Colchicine,

N-eth;V'l maleimide, theophylline, dibutyryl cyclic AMP and hydrocortisone all
decreased the phagocytic rate. These agents, in the concentrations employed,

had previously been thought to produce metabolic effects without inhibiting

phagocytosis. Insiilin slightly but consistently enhanced the phagocytic rate.

Phagocytosis of the standard emulsion prepared with albumin was markedly de-

pendent on the presence in the medium of Mg . Results of studies of the rate

of uptake of emulsions prepared with a variety of other stabilizers (albumin

derivatives, other proteins, starch) with and without Mg '*"'', are consistent
with the view that the acceptability of a particle for ingestion depends on a

complex interaction between the surface of the particle and divalent cations

in the medium to produce a favorable net surface charge.

5. Opsonization and phagocytosis ; Guinea pig PMN ingested paraffin oil

emulsified with E. coli endotoxin only after opsonization with serum. Modifi-
cation of the serum, e.g., heat or zymosan treatment, altered the rate of

phagocytosis of the emulsion in the same manner as these conditions have been
shown to modify the uptake of E. coli organisms. This may be a useful model
system for investigation of immunological events related to phagocytosis.

6. Dipalmitoyl lecithin in lung and phagocytic cells ; Studies on the

synthesis of dipalmitoyl lecithin (DPL), the active component of pulmonary swc-
factant, by lung and alveolar macrophages, were completed this year. Pulmonary
lavage fluid from steroid-treated rabbits contained more protein, phospholipid
and macrophages than did the washings from control rabbits, but no selective
effect of corticosteroid (or of thyroxine) on the content or synthesis of DPL
in whole lung was demonstrable.

Although the amount of DPL per mg of cell protein is considerably lower
in rabbit heterophils than it is in al\isolar macrophages, the percentage of
total lecithin that is dipalmitoyl is similar in the two types of cells. In
both types of cells, the lecithin of the phagocytic vesicle fraction relative
to whole cells is enriched in DPL, We have found a high degree of saturation
of the phospholipids of phagocytic -vesicles, contributed to in part by DPL,
which would tend to make the vesicle membrane relatively immune to peroxidative
damage. The latter is presumably related to the augmentation of oxygen con-
sumption that is associated with phagocytosis. Perhaps rather than serving as
a soxxrce of pt-Umonary sui-factant, the DPL of the alveolar macrophage is related
to the phagocytic function of this cell.
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7. Effects of oxidant gases on function of alveolar macrophages ;

Impairment of bacterial clearance and ultrastructural changes in alveolar
macrophages occior in mice exposed for prolonged periods to lOOfo oxygen. Toler-
ance can be induced by prior intermittent exposure to lOO^o oxygen. Analyses

of the pulmonary lavage fluid from mice used in these collaborative studies

are being completed.

D. Regulation of cholesterol synthesis in mammalian cells

Some characteristics of feedback regulation of cholesterol synthesis in

fibroblasts grown in culture were reported last year. This year the behavior

of cells derived from skin biopsies of patients with Type II and Type HI
hyperlipidemia was compared with that of cells from normal humans, and no

differences were noted. It was found that cholesterol synthesis by leukocytes

from peripheral blood of normal humans is likewise inhibited by exogenous

sterol, e.g., by incubation with whole serum. (Delipidated serum stimulates

synthesis in both types of cells.) In contrast, lipid synthesis in rabbit

aorta (mince or strips) was stimulated after incubation of the tissue with
whole ser-um, albeit to a lesser extent than with delipidated serum. It appears

that feedback inhibition of cholesterol synthesis may be of less importance in

aortic tissue than it is in fibroblasts and leukocytes.
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Annual Report of the
Section on Hiutian Biochemistry
Molecular Disease Branch

National Heart and Lung Institute
July 1, 1970 through June 30, 1971

The mechanism and regulation of mammalian protein synthesis
has been investigated by utilizing hemoglobin biosynthesis as a '
model system. The approach has been to develop active cell-free
protein synthesizing systems from rabbit reticulocytes and from i

himan reticulocytes. By fractionating these cell-free systems it!

has been possible to identify several of the cellular components
involved in the process of initiation of hemoglobin synthesis and
to identify the molecular defect in the human genetic disease
(3-thalassemia

.

A summary of our results obtained over the past twelve month
follows

:

1. Three protein initiation factors, M^, M2, and M3, have
been partially purified and characterized. M^ is a binding facto?
M2 is a factor which specifically recognizes the mammalian initi-
ator tRNA; and M3 is a factor which is specific for natural mRNAJ
templates. The factor M2 has been separated into two components,
M2A and M2b- which differ in their enzymatic properties. Similar
initiation factors are being isolated from rabbit liver cells.
The properties of the liver factors are being compared with those
of the reticulocyte factors

o

2. The initiator tRNA for hemoglobin biosynthesis has been
identified as Met~tRNAp. Not only is Met-tRNAp specifically bound
to reticulocyte ribosomes by the initiation factors M^ and M2,
but also Met-tRNAp, under the direction of the initiation factors^
donates the first amino acid of the nascent hemoglobin chain.

1

3. A highly active human cell- free system has been developed
which is able to reproduce the globin synthesis properties of in-
tact cells. By utilizing the various cox-nponents from normal hum,
and thalassemic human reticulocytes, it has been shown that the
molecular defect in ^-thalassemia resides in the thalassemic P-
chain mRNA . By utilizing the mRNA purified from thalassemic re-
ticulocytes in a system containing otherwise completely normal
human cell components, it is possible to reproduce the a/p chain
abnormality seen in the intact thalassemic reticulocyte.
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Plasma Lipoproteins: The contribu-
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and function of the plasma lipopro-
teins.

Previous Serial Number:
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Objectives : The primary aim of this study has been an investigation

of the carbohydrate composition of the human plasma lipoproteins. It is

hoped that by so doing, some insight can be gained as to the role played by
the carbohydrate portion of the plasma lipoproteins. This information may
provide greater understanding of the mechanism of normal lipid and glyco-

lipid transport.

Methods: Preparation of lipoproteins and their apoproteins .

Plasma was collected from normal subjects and from patients with Type
rv and V hyperlipoproteinemia. The lipoprotein families, very low
density lipoproteins (VLDL), low density lipoproteins (LDL), and high

density lipoproteins (HDL) were prepared by ultracentrifugal flotation at

d < 1. 006 gm/ml, 1. 019 < d < 1. 063 and 1. 063 < d < 1. 21, respectively.

The apoproteins or protein moieties of the lipoproteins were obtained by

exhaustive delipidation with chloroform: methanol. The glycolipids were
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i
isolated from the chloroform:methanol extracts by chromatography on

columns of silicic acid and thin-layers of silica gel G. The unique VLDL
apoproteins, ApoVLDL-val, glu and ala were isolated from VLDL employ
ing methods described in previous annual reports. The two HDL peptides,

R-thr and R-gln were isolated by chromatography on columns of Sephade

G~200 and DEAE -cellulose. Glycopeptides were prepared from LDL by

extensive digestion with the proteolytic enzyme pronase. The glyco-

peptides were isolated and purified by chrom.atographic techniques.

I

Analytical Techniques. A large number of analytical techniques were em-
ployed to investigate the carbohydrate composition of the lipoproteins.

These included gas-liquid^ thin-layer, and paper chromatography; enzy-

matic assays; amino acid analysis; and chemical assays.

Major Findings:

1. Mono-, di-, tri-, and tetrahexosyl ceramides are present on
VLDL, LDL, and HDL, The bulk of the glycolipids are apparently
carried in the plasma on LDL, Significant amounts are, however, preseni
in each lipoprotein class, Ganglioside G^_„ is also present in LDL.

iVi o ^^

2. Results of carbohydrate analyses on acid-hydrolyzed VLDL pep-^
tides are in annual report No,

3. R-thr isolated from HDL contains 0.4% (by weight) glucosamine,
0.7% mannose, and 0.4% glucose; there is no sialic acid.

4. R-gln isolated from HDL contains 0. 5% (by weight) glucosamine,
0.9% galactosamine, 0. 1% mannose and 0.4% glucose; there is no sialic

acid.

5. The carbohydrate moiety of apoLDL consists of 1.0% (by weight)
glucosamine, 0, 6% N-acetylneuraminic acid, 1. 9% mannose, and 1. 1%
galactose.

6. The glycopeptide isolated from LDL contains the same carbo- M
hydrates found in apoLDL. The ratios between the component carbo- '
hydrates of apoLDL and the glycopeptide isolated from apoLDL were quite
similar. Aspartic acid (40%), serine (34%), glycine (12%) and threonine
(10%) account for 96% of the amino acid content of the glycopeptide.

7. The carbohydrate moiety of apoHDL consists of 1. 3% (by weight)
glucosamine, 0.3% galactosamine, 0.4% N-acetyneuraminic acid, 0.7% tf^
mannose and 0.4% galactose. ^

2
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8. The glycopeptide isolated from HDL contains the same carbo-
hydrate found in HDL, aspartic acid, serine, threonine, alanine and
glutamic acid account for 97% of the amino acid content of the glyco-

peptide.

Significance to Biomedical Research and the Program of the Institute :

Knowledge of the basic structure of the plasma lipoproteins is essential

for our understanding of normal and abnormal lipid transport. This in-

formation is particularly pertinent to the study of vascular-disorders
associated with abnormal lipid metabolism and transport.

Proposed Course :

1. Efforts will be directed toward the precise quantification of the

amount of carbohydrate in each of the plasma lipoproteins and their

constituent peptides.

2. The carbohydrate sequence of the LDL and HDL glycopeptide will

be investigated.

3. The importance of the carbohydrate moieties with respect to

antigenic reactivity -will be evaluated.

4. The effect of changes in carbohydrate content on the antigenic re-
activity andj when possible, the function of the plasma lipoproteins and
apoproteins will be evaluated.

Publications:

Prescott, B. , Chernick, S. S. , James, W. D. , Caldes, G.

,

Barker, D. , Sloan, H. R., and Chanock, R. M. : Mycoplasma
Pneumoniae. Phosphatidyl Glycerol. Proc. Expt. Biol. Med.
134, 711, 1970,

Sloan, H. R., Kwiterovich, P. O. , Levy, R. I., and
Fredrickson, D. S. : Carbohydrate Components of Human Plasma
Lipoproteins. Circulation, 42, 28, 1970. (Abstract).
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Project Description:

Objectives : Very low density lipoproteins (VLDL) serve as the prin-

cipal vehicle for transport of triglyceride from the liver (and gastrointestinal

tract) to sites of metabolism and storage in other tissues. This study is part

of a long term project designed to investigate the metabolic breakdown of

VLDL and its relationship to other seinam lipoproteins

„

Present objectives are: (1) to investigate the behavior of •'•^^I-VLDL

with relation to other lipoproteins in vitro ; (2) to label isotopically and isolate

pure fractions of VLDL apoproteins for study in VLDL metabolism in vitro

and in vivo; (3) to investigate the metabolism of labeled VLDL and its apo-
proteins in animals; (4) to continue the investigation of VLDL turnover and its

conversion to other lipoprotein subclasses in normal subjects and in patients

with types I, IK, IV and V hyperlipoproteinemia; (5) to establish the deter-

minants of VLDL synthesis and catabolism in vivo.

Methods : VLDL was obtained from fasting normal subjects or patients

afflicted with types I, III, IV or V hyperlipoproteinemia. The VLDL was iso-

lated and concentrated by ultracentrifugation at salt density 1. 006. Purity
was established by immunochemical methods. Following iodination by the

1 y3¥^

(J



NHLI-275(c)

iodine monochloride method, the material was sterilized by millipore fil-

tration and tested for pyrogens and sterility before use. l^Sj-vLDL for in

vitro use was similarly prepared.

lodinated VLDL for in vitro study by gel filtration and/ or polyacrila-
mide gel electrophoresis was handled as previously described.

Major Findings:

1. lodination of VLDL ; The iodine monochloride method continues to

be satisfactory in providing a radioactively labeled protein that is nonreutili-

zable and which behaves identically to the native VLDL when studied by
immuno and paper electrophoresis.

A mean of 10% of the isotope attaches to lipid, and of those lipids labeled,

phospholipid (lechithin) (50%), cholesterol ester (14%) and triglyceride (15-

23%) are labeled most extensively.

125
2. Protein labeling: I-apo VLDL has been extensively studied by

polyacrilamide gel electrophoresis to establish the variation in isotopic la-

beling that occurs among the several peptides. The mean distribution is as

follows: apoLDL 51%, apoHDL 4.5%, apoLP-ala + apoLP-glu 39%. lodina-

tion has not altered the physical behavior of these VLDL apoproteins when
examined by Sephadex gel chromatography and polyacrilamide gel electro-

phoresis.
125

3. Preliminary in vitro studies: When I-VLDL is mixed with human
plasma, there is transfer of radioactivity to other lipoproteins. Analysis

of the other lipoprotein fractions in plasma indicated that about 3% attached

to the Dl. 006-1. 019 lipoprotein fraction, 7% attached to LDL and 10-20% at-

tached to HDL. One -fourth of the activity on LDL was due to transfer of

lipid from VLDL, the remainder being due to apoLP-ala and apoLP-glu.

About 75- 80% of the radioactivity in HDL is found collectively in apoLP-ala +

-glu. This transfer of peptides from VLDL to HDL is not due to lechithin-

chole sterol acytransferase (LCAT) because in the presence of inhibitors of

this enzyme the transfer occurs to the same degree. These small peptides

are capable of transfer from HDL to VLDL as well.

125
4. Human studies: I-VLDL metabolism has been studied in 12 sub-

jects. This group includes 3 normal volunteers, one patient with type I, 3

with type HI, 4 with type IV and one with type V hyperlipoproteinemia. One

type m patient received ^^^I -VLDL from a normal subject. A type HI and

type IV patient participated in a cross over experiment in which each re-

ceived his own as well as the other patient's A'LDL in two successive studies.

No adverse reactions have been noted in any study.
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125
In all patients except the one v/ith type I hyperlipoproteinemia, I in

VL-DL rapidly declined. Radioactivity sequentially appeared in the intermedi-

ate lipoproteij). fraction of density 1. 006-i. 019 (peak at 6 to 12 hours with

rapid decline) and in LDL (D 1. 019-1. 063) (peak at 24 hours with slow decline).

This metabolic sequence could be accelerated by intravenous heparin adminis-

tration which was performed in both a type IV and a type V patient.

The type I subject was able to convert VLDL to LDL but at a much
slower ratCj such that the peak of radioactivity in the intermediate fraction

occurred at day one and maximal activity occurred in LDL between the

second and third day.

5. Analysis of the distribution of l^oj
jj^ +j^g apoproteins of VLDL

during in vivo metabolic studies revealed that the apoLDL portion of VLDL
declined from 50% to 8% by 12 hours after injection while the activity in

apoLP-ala + apoLP-glu increased from 20-30% at time to >85% by 24 hours.
The decay of apoLDL from VLDL occurred coincident with the rapid rise of

activity in the intermediate and the slower rise in activity in plasma LDL.

These data provide strong evidence that LDL is derived from VLDL
catabolism. In the tjrpe I patient, this conversion is delayed which confirms
that triglyceride hydrolysis is involved in this metabolic process.

Significance to Biomedical Research and the Program of the Institute :

Knowledge of the dynamics of VLDL metabolism as well as its determinants
is fundamental to understanding of certain types of hyperlipoproteinemia that
have an important relationship to atherosclerosis.

Proposed Course :

1. Studies of the turnover and interconversion of VLDL will continue.
Efforts will be made to define the determinants of VLDL synthesis and cata-
bolism.

2. Studies of VLDL metabolism in the several types of hyperlipopro-
teinemia mentioned above will continue. Special emphasis will be placed on
type III which may be due to faulty conversion of VLDL to LDL with the resul-
tant formation of an abnormal lipoprotein.

3. A computerized model of VLDL metabolism is being developed to
help conceptualize and understand the processes involved in synthesis and
clearance of this lipoprotein.
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4. Studies will continue into the in vitro behavior of VLDL apopro-
proteins using tracer techniqueSo Reasons for transfer of peptides between
VLDL and other lipoproteins will be sought.

5. Animal studies will be designed to look more closely at the organ
systems involved in both VLDL synthesis and catabolism.

Publications:

None other than abstracts.
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Project Description:

Objectives : As part of a long term project concerned with both the

function and metabolic fate of plasma lipoproteins, the turnover of beta
lipoprotein (LDL) has been studied in normal and type II hyperlipoprotein-

emic subjects under a variety of conditions. It has been established that

the elevated plasma LDL levels in type II hyperlipoproteinemia are due to

impaired catabolism of this lipoprotein rather than to increased synthesis.

It was further shown that cholestyramine lowers LDL levels in this disease

by increasing the rate of catabolism. Nicotinic acid, in contrast, was
found to impair synthesis while leaving catabolism unchanged and thereby
caused lower LDL levels. This work has formed the basis for continued

studies in LDL metabolism as well as expansion into studies of high density
lipoprotein metabolism.

C
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Objectives are: (1) to test the hypothesis that LDL is derived from
VLDL catabolism by demonstrating that stimulation of VLDL production
through carbohydrate feeding results in increased synthesis of LDL, (2) to

investigate the relationship of bile acid formation to LDL metabolism, (3) to

continue studies on the effects of diet and specific pharmacologic agents on
synthetic and catabolic rates of the apoproteins, and (4) to begin studies of

HDL metabolism in animals and man using radioiodinated HDL and its apo-
proteins.

Methods: The standard preparative techniques using plasmapheresis,
preparative ultracentrifugation, paper electrophoresis, immunochemical
identification and beta quantification have been previously described. The
lipoproteins, following iodination and concentration, were iodinated by the

iodine monochloride method. Following ultrafiltration, pyrogen testing, and

bacteriologic screening, the radioiodinated lipoprotein was made ready for

injection.

Radioiodinated HDL was delipidated and its apoproteins separated by

Sephadex G-200 gel filtration. Additional separation of the mixture of

apoLP-val + -glu + - ala was achieved by DEAE chromatography. The iso-

lated peptides were incubated in plasma to determine their affinity for

specific lipoproteins.

In animal studies (principally the rat), iodinated VLDL, LDL, and HDL
were injected intravenously, and radioactive products followed for 72 hours.

Animals were sacrificed at specified times and tissue analysis was performed

to locate the principal sites of uptake of these lipoproteins. Rat ^"^Cr-

erythrocytes were also injected to permit correction for blood contamination

in the organs assayed.

Major Findings :

1, In vitro iodination of lipoproteins by the iodine monochloride

method continues to be satisfactory. No evidence of denaturation has been

detected. When LDL is labeled, 98% or more of the isotope is attached to

protein, and efficiency of labeling is 25-35%. Using HDL, 99% or more of

the isotope is found on protein, and the efficiency is 60-70%.

2. Human -"-^^I-nDL was delipidated and passed over Sephadex G-200

to isolate the peptides. Specific activity of apoLP-gln was twice that of

apoLP-thr. Additional separation of apoLP-val, apoLP-glu, and apoLP-ala

was achieved by DEAE chromatography.
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These peptides were individually incubated in human plasma from

which the lipoprotein fractions were subsequently isolated. ApoLP-thr and

apoLP-glu were recovered with the HDL fraction from which they were
originally derived. ApoLP-ala, in contrast, was found evenly distributed in

VLDL and HDL ( it is normally found in both these fractions). Thus, lipopro-

tein apoproteins tend to recombine with the plasma lipoproteins in which they

are originally located. When the plasma decay of apoLP-thr and apoLP-gln

was compared with that of whole human HDL in the rat, the half-life was
about 12 hours.

3. Animal Studies -- Rat: Several substrates including iodinated

VLDL, LDL and HDL plus l^Sj- ^^^ Cr54~tagged rat erythrocytes were
injected intravenously. Plasma decay and tissue radioactivity were measured.
Tissue levels varied with different substrates. Inorganic ^^^I was secreted

rapidly in urine, bile, and seminal fluid resulting in increased activity in

kidneys, intestinal contents, intestinal wall and testes. Only small amounts
were in other tissues. Most Cr^"* activity was found in the spleen. Upon
injection of '^^^I lipoproteins, specific activity and total activity was greatest

in the liver. Hepatic uptake of LDL and HDL radioactivity was comparable
in rate, whereas VLDL uptake was much more rapid. VLDL was also shown
to undergo rapid conversion to LDL, No tissue appeared to accumulate and
retain radioactivity. These studies suggest that the liver plays a major role

in lipoprotein catabolism. Furthermore, the lipoprotein protein moiety
appears to degrade rapidly following uptake by the cell.

4. Preliminary studies of the effect of carbohydrate feeding on LDL
synthesis were conducted in one type 11 patient. Results indicated a slight

increase in synthesis (15%) while he was consuming a high carbohydrate diet,

but restriction in fat consum.ption necessitated by this diet also caused a

slight increase in fractional catabolic rate (FCR). More studies in this area
are underway.

Significance to Biomedical Research and Program of the Institute :

Studies of LDL metabolism have thus far been valuable in indicating the defect
in type II hyperlipoproteinemia and have also provided insight into effects of

diet and drugs on lipoprotein metabolism. Extension of these studies to the

tissue level are likely to provide valuable information regarding determinants
of lipoprotein synthesis and degradation. The specific defects that underlie
the hyperlipoproteinemias will hopefully be found. This information will be
valuable not only in helping design more rational therapy for these disease
states but will also aid in understanding the basic processes involved in lipid

transport.
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Proposed Course:

1. Studies of beta lipoprotein (LDL) turnover will continue, and
effects of dietary manipulation and drug treatment on its metabolism will be
studied. Specific attention will be given to effects on LDL catabolism during
ingestion of pharmacologic doses of chenodeoxycholic acid. Chenodeoxy-
cholate inhibits hepatic bile acid synthesis which is a principal route of

cholesterol degradation. Effects of LDL catabolism in this setting will help

understand one more possible modifier of LDL metabolism.

2. The metabolic relationships that exist between different lipoprotein

classes in all dyslipoproteinemias will continue to be studied.

3. Individual HDL peptides as well as intact HDL will be studied

further in animals and humans. Special emphasis will be given to Tangier
disease where HDL is deficient,

4. Catabolism of all lipoproteins will remain a major project with

most studies being performed in suitable experimental animals, including the

rat and monkey.

Publications

:

Langer, T„ , Strober, W. , and Levy, R.I. : The metabolism of

plasma lipoproteins. In Plasma Protein Metabolism , M.A. Rothschild

and T. Waldmann, Editors, New York, Academic Press, 1970.

Levy, R.I. , Langer, T. : Hypolipidemic drugs and hyperlipoprotein-

emia. New York Academy of Sciences (in press), 1971.

Levy, R. I. , Bilheimer, D. W. and Eisenberg, S. : The structure and
metabolism of chylomicrons and very low density lipoproteins (VLDL).
The Biochem^ical Journal, 1971.

y^/

f



i
Serial No. NHLI-2?7(c)
1. Molecular Disease Branch
2„ Section on Lipoproteins
3. Bethesda, Maryland 20014

PHS-NIH
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Project Title: The Biochemistry and Metabolism of
Plasma Lipoproteins : The Metabolism
and Structure of Plasma Lipoproteins
in the Rat

.

Previous Serial Number: NHLI-302(c)

Principal Investigators: Robert I. Levy, M. D.

Peter Herbert, M. D.

Donald S. Fredrickson, M. D.

Other Investigators: Elanne Smootz, B. S.

Barbara Miller

Cooperating Units: Herbert Windmueller, Ph.D., Section
on Nutritional Biochemistry, NIAMD

Thomas Bersot, B.A., Virgil LeQuire,M.D.
Department of Pathology
Vanderbilt University, Nashville,
Tennessee

Project Description:

Objectives : Techniques have been developed in the rat for obtaining
lipoproteins in the perfusate from isolated liver, plasma, and lymph
from the isolated and intact intestine. These systems provide excellent
experimental models for studying lipoprotein physiology. They afford
particular access to the synthesis and interrelations of the lipoprotein
classes and their responses to perturbations. Since the apolipoproteins
of the rat had not been as well studied as their human counterparts, effort
in the past two years has been directed toward their isolation, fractionation
and characterization.

Methods : The methods employed were those outlined in last year's
annual report and were similar except in minor detail to those applied to
the study of human apolipoproteins. Preliminary experiments with C-'-^-lysine

addition to organ perfusates were also performed. The distribution of
radioactivity in the apolipoproteins was determined by monitoring the labeled .

bands in sliced polyacrylamide gels. I

Major Findings;

1, The major rat apolipoproteins were purified and characterized as

J
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to their amino acid composition, terminal groups, molecular weight, optical
rotatory dispersion and immuno-reactivity , in continuation of studies reported
last year.

2. All peptides isolated from VLDL and HDL were evaluated in a lipo-
lytic system for activation of lipoprotein lipase. As in the earlier human
studies, only one peptide (V3-3) corresponding to apo-LP-glu was active.

3. Cl^-lysine proved to be a satisfactory amino acid for following
the vivo synthesis of the apolipoproteins. Radioactivity was incorporated
primarily into protein with only small amounts segregating with lipids. Pre-
liminary experiments, while not conclusive, suggest that the intestine may
not rely exclusively on in situ synthesis to supply apoproteins for
chylomicrons

.

4. Immunochemical and electrophoretic data were not wholly consistent
with the hypothesis that liver perfusate VLDL and intestinal lymph chylo-
microns are identical in protein content. Further interpretation must await
the isolation and characterization of the apoproteins of chylomicrons.

Significance to Biomedical Research and the Program of the Institute :

The apolipoproteins of the rat differ qualitatively from those of man in their

terminal amino acids, amino acid composition and in their quantitative dis-

tribution in extra cellular fluid. Nevertheless, there are similarities in

their apparent size, charge and number. They promise to serve as a useful

model system for unraveling the roles and fate of the human apolipoproteins.

Proposed Course :

1. Techniques similar to those used with plasma will be employed to

isolate and characterize the apoproteins of rat intestinal lymph.

2. The incorporation of a radioactive amino acid into apolipoproteins

by the isolated perfused liver and intestine will be evaluated and compared

to define the principal sites of lipoprotein apoprotein synthesis.

3. Further studies of the carbohydrate content of the rat apolipo-

proteins are in progress.

Publications

:

Bersot, Thomas P., Brown, W. Virgil, Levy, Robert I., Windmueller, H.G.,

Fredrickson, Donald S and V. S. LeQuire. Biochemistry 9: 3427 (1970)
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Project Description:

Objectives : Electrophoresis on paper or agarose gel and ultra-

centrifugation allows the separation of the plasma lipoproteins into four

major families; chylomicrons, VLDL (prebeta lipoprotein), LDL (beta

lipoprotein) and HDL (alpha lipoprotein). VLDL are characterized by
prebeta (or alpha^) migration in electrophoresis and have a density of

1.006 (Sf 20-400)r VLDL are composed of peptides having immuno-
chemical similarities to the j3LP and cLP as well as several unique peptides.

The beta apoprotein (peptide moiety of jSLP) comprises about 40% and the

a apoprotein about 10% of the total protein of VLDL. The remaining pro-
tein is composed of the recently described "D" peptides.

We have recently recognized the occurrence of a fifth major lipo-
protein species with prebeta migration on electrophoresis but with a
density between 1.050 and 1.085. This lipoprotein appears to be identical
to the Lp(a) antigen discovered by Berg. It is the intent of this project to

characterize the Lp species and determine the significance of its appear-
ance as "sinking pre -beta " lipoprotein in some subjects.

^
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Methods: Lipoproteins were obtained from fasting subjects by

plasmapheresis and isolated by preparative ultracentrifagation. The

density fractions were then further characterized by polyacrylamide gel

and paper electrophoresis as well as immunochemical techniques.

Totally delipidated apoproteins were obtained by chloroform-methanol

(2:1) extractions.

A specific antiserum made to this new lipoprotein was used to screen

a population of subjects utilizing two different techniques for immuno-
chemical analysis.

Major Findings:

1. Serum from three thousand five hundred subjects has been
studied by staining paper electrophoretic strips with Oil Red O. The Lp
lipoprotein has been demonstrated as a distinct pre-/3 migrating band
contained in the fraction heavier than 1. 006 gms/ml, in 10. 9% of the

individuals. This Lp lipoprotein is present in normals as well as subjects

with the five m.ajor types of hyperlipoproteinemia, Tangier disease and
hypobetalipoproteinemia. The presence of high concentrations of Lp is

not rrelated to high concentrations of VLDL or LDL.

2. The Lp lipoprotein does not appear to be influenced by diet.

Patients have been placed on high and low cholesterol as well as high carbo-
hydrate diets without influencing the amount of Lp as determined by the

density of the band on paper electrophoresis stained with Oil Red O.
Intravenous injection of heparin does not change the amount of Lp.

3. The presence of the Lp lipoprotein has been investigated using
two immunochemical techniques, Ouchterlony double diffusion and counter-
electrophoresis (CEP). In 550 samples screened with the Ouchterlony
technique, Lp (a) was present in 42%. With the considerably more sensitive
CEP technique, the antigen was detected in 77% of 300 samples tested.

4. On electrophoresis in 3% acrylamide, in a standard Tris HCl
discontinuous buffer system, the Lp lipoprotein migrates more slowly
than /3Lp, suggesting that the lipoprotein is larger in size than 3L'p. This
is confirmed using 2% agarose chromatography. The Lp lipoprotein and
/3Lp elute in one large peak, but the Lp is on the upslope whereas the j8Lp
is on the downslope of the peak.

5. Heparin-manganese precipitates the Lp lipoprotein as well as i3Lp.

Tvr
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6, Isolation of the Lp lipoprotein has been achieved using the principles

of affinity chromatography. The specific antiserum is bound to 4% agarose

by the cyanogen bromide method. A serum fraction isolated in the ultra-

centrifuge between density 1. 019 and 1. 125 gms/ml is then passed over the

column in 0. 02 M Tris HCl, pH 7. 8. The /3Lp and HDL iahp^) elutes

while the Lp forms an antigen antibody complex on the column. The Lp
is then eluted with 0. 1 M NaOH, pH 12. 8. This fraction is contaminated

with a small amount of o-Lp. The o-Lp is separated from Lp by passing

the fraction over a 2% agarose column equilibrated in 0. 1 Tris HCl,

pH 7.8.

7. The lipoprotein has been delipidated with chloroform-methanol

(2:1). 34. 9% of the complex is protein, 7% triglyceride, 29. 6% cholesterol,

and 28. 5% phospholipid. The protein component can be solubilized by the

addition of 0.01 borate buffer, pH 11. 5, 8M urea or with 100 millimolar

decyl -sulphate.

Significance to Biomedical Research and the Program of the Institute :

The nature and function of Lp is still unknown. It may be a form of /3-lipo-

protein and conceivably may have some relationship to vascular disease.

Further exploration is highly indicated.

Proposed Course:

1. The discrepancy between the presence of the Lp antigen in serum
using the double diffusion and counter-electrophoretic technique must be

explained. It has been assumed by Berg that the antigen is inherited as an
autosomal dominant trait. Although the data from our studies of paper
electrophoresis and double diffusion clearly support the inheritance of the

trait, the incidence appears to be much higher; perhaps 80% of the popu-
lation has Lp at least in very low concentration. We will attempt to prove
with more sensitive techniques that the lipoprotein may be present in all

sera and that the presence of higher levels may be an expression of a

genetic trait.

2. We have perfected a technique for isolating the Lp lipoprotein devoid

of contamination with j3Lp and o-Lp by combination of affinity and molecular-
sieve chromatography.

Reliable information can now be obtained as to the lipid composition as

well as the solubility characteristics, amino eicid analysis, secondary
structure and antigenetic characteristics of this unique apoprotein.
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Publications:

None other than abstracts.
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lipolytic enzymes and their role in
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Robert I. Levy, M, D.
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Project Description:

Objectives : The metabolic breakdown and interconversion of plasma
lipoprotein is as yet incompletely understood. It has been postulated that

in the process of transferring circulating triglyceride from plasma to tissues,
the lower density lipoproteins (chylomicrons and VLDL) are converted to

progressively higher density lipoproteins by a series of lipolytic reactions.
Heparin injection is known to release into plasma a number of lipolytic
enzymes (collectively referred to as post-heparin lipolytic activity or
PHLA) which are thought to play a major role in this process. In man, a

deficiency state of one or more of these enzymes is characteristic of at

least one of the genetically determined hyperlipidemic states (Type I

hyperlipoproteinemia)

.

The aim of this project is three-fold:

1. To characterize further the heparin released triglyceride lipase
(TGL) in animal tissues and in human post-heparin plasma.

2. To determine the nature of possible enzymatic abnormalities in
various disorders of lipoprotein metabolism.

i
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3. To purify the triglyceride lipase or lipases from post-heparin
plasma.

Methods : Pre- and post-heparin plasma was obtained from normal
subjects and from patients with familial hyperlipoproteinemia on a variety
of diets. Samples were obtained at variable intervals (usually 10 minutes)
after standard doses of intravenously administered heparin (10 u/kg or

75 u/kg) , Acetone-ether powders of rat adipose tissue and liver were also
used as enzyme sources.

TGL activity was assayed using pure l^C-glyceryl triolein as substrate,
sonified in tris buffer at pH 8.6 containing albumin, Triton detergent, and
sodium chloride. Fatty acid released during lipolysis was isolated from
glyceride by extraction into hexane and then into O.lMpotassium hydroxide.
Labelled fatty, acid was then measured by counting in a liquid scintillation
spectrometer.

Attempts to purify TGL from post-heparin plasma utilized affinity
chromatography on solid supports containing covalently linked heparin.

Major Findings;

1. While it has been known for some time that TGL required HDL as

a co-factor, the exact nature of the co-factor has remained obscure. Using
rat adipose tissue powders as enzyme source, various purified lipoprotein
peptides were screened for co-factor activity. Two peptides which are
minor constituents of HDL and major constituents of VLDL, were shown to
have significant co-factor activity, whereas the other peptide components
of HDL and VLDL were inactive. One of the active peptides is known to
contain carboxy-terminal glutamic acid; the other is as yet uncharacterized.
Both peptides show enhanced co-factor activity in the presence of phospho-
lipid, although phospholipid is not essential for activity. The results
suggest that these peptides normally function to facilitate the hydrolysis
of VLDL by lipoprotein lipase,

2. The defect in lipoprotein metabolism in Type I hyperlipoproteinemia
has been further investigated. One of the hypotheses that has been ad-
vanced is that Type I patients are able to synthesize a normal enzyme
molecule, but lack the necessary activating mechanism. This theory was
tested using the Information already obtained regarding the identity of the
activating peptides in non-Type 1 individuals. Two Type I patients were
found to have normal quantities of both activating peptides previously
described. Each of the peptides was as potent in activating rat adipose
TGL as its counterpart in normal individuals. Furthermore, addition of
activators isolated from a Type V patient failed to enhance Type I PHLA
activity. These data strongly suggest that the abnormality in Type I

does not involve the activating system,

3. Another approach to the elucidation of the defect in Type I was
undertaken in collaboration with Dr. S, Baylin of the Experimental Thera-
peutics Branch. A diamine oxidase known as histaminase has been shown
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to be released into plasma by heparin in a manner similar to PHLA.

Patients with various forms of hyperlipoproteinemia were screened for
post-heparin histaminase activity. Most patients fell within the normal
range, /those with Type I had virtually absent activity even after receiving
maximal amounts of heparin. To investigate the possibility that histaminase
and PHLA are in fact the same enzyme, the two enzyme assays were conducted
in the presence of specific inhibitors; histaminase was not inhibited by

protamine, and PHLA was not inhibited by aminoguanldine and histamine, both

of which are potent inhibitors of histaminase. Finally, the possibility
that Type I plasma contains a histaminase inhibitor was ruled out by
demonstrating that addition of Type I to normal post-heparin plasma did not
alter the normal histaminase activity. These data suggest that the ab-

normality in Type I patients may involve a tissue binding site or a release
mechanism (in common with histaminase) rather than a defect in enzyme
production or function.

4. The presence of variable quantitites of endogenous substrate
(chylomicrons and XT^DL) in post-heparin plasma creates difficulties in

standardizing the PHLA assay. This problem has been overcome by

providing high levels of triolein in the assay mediimi. Using a concentration
of 7.5 mg triolein per cc of assay, PHLA was measured V7ith a high degree of
sensitivity and reproducibility irrespective of plasma triglyceride levels.
The enhanced sensitivity of this radioactive assay has made it possible to

use small quantities of PHLA (25-50 microliters), thus further reducing the
amount of endogenous triglyceride added to the substrate mixture. This
system has been sho\im to follow zero-order kinetics for up to three hours
at 27°C and for at least one hour at 37°C. It is suggested that the en-
hanced stability of the enzyme to heat inactivation when compared with
other assay systems is related to the presence of added substrate.

5, Initial efforts at purification of TGL post-heparin plasma have
utilized heparin covalently linked to either agarose or polyacrylamide gel.
PHLA can be absorbed onto a column made of this material, and can be eluted
in a partially purified form with solutions of variable pH and ionic
strength.

Significance to Biomedical Research and the Program of the Institute :

The enzymes involved in degradation of very low density lipoproteins and
chylomicrons have great relevance to disorders associated with abnormal con-
centrations of the plasma lipids and the increased incidence of atherosclerotic
vascular disease.

Proposed Course ;

1. The nature of the TGL co-factor will be further investigated by
more precise biochemical definition of the active site, and by inquiry into
the kinetics of activation.

2. The effects of substrate composition on adipose and plasma TGL will
be investigated, particularly with respect to the role of phospholipids and
cholesterol.
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3. Attempts will be made to differentiate the individual enzymes

present in PHLA both by alteration of assay conditions, and by physical
separation methods. Using these techniques, it is hoped that the ab-

normalities in the various forms of hyperlipoproteinemia may be better
delineated.

4. By further screening, the specificity of the post-heparin histaminase

assay in differentiating type I from other types of hypertriglyceridemia will
be evaluated.

Publications

:

La Rosa, J.C, Levy, R.I. , Herbert, P., Lux, S.E., and Fredrickson,

D.S.: A specific apoprotein activator for lipoprotein lipase.

Biochem. Biophys. Res. Comm. 41: (1) 57-62 (1970).
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Project Description:

Objectives : This is the largest single project devoted to clinical
investigation in the laboratory. Its aim is to classify, determine the

number of responsible mutations, the nature of underlying mechanisms,
better define the clinical manifestations and prognoses and develop treat-
ment for familial excesses in blood lipid concentrations. Over six years
ago a system of methodology and nomenclature for the lipid transport dis-
orders was introduced as a standard technique for phenotyping or dif-
ferentiating the hyperlipoproteinemias that would have wide practical
applicability to both the clinician and the geneticists. The system has been
undergoing intensive testing and refinement since that time. The objectives
sought with the use of this system have been fully outlined previously.
They are in brief: (1) proof that lipoprotein patterns provide more useful
information than determination of lipid concentrations alone, (2) development
of an analytical sequence beginning with a simple technique capable of
rapidly and economically separating "normals" from "abnormals" and
capable of further dividing the latter into "Types" indicating different
groups of metabolic abnormalities, (3) application of the analysis to as
large and representative number of patients and their families as is

possible, (4) correlation of these analyses with other clinical and genetic
features to further test the assumption that lipoprotein patterns are
capable of distinguishing different phenotypes , and (5) expansion of tech-
niques for determining genotypes and the basic metabolic abnormalities.

The first two objectives have been reached. Application has now
proceeded to samples from over ten thousand patients.

Methods ; With a large staff of physicians and automated methods
for accurately determining plasma triglyceride and cholesterol concentra-
tions coupled with twelve Durriom electrophoretic cells the laboratory now
has the capacity for screening and evaluating over 1,000 samples per
month

.

Samples are accepted from donors referred locally and throughout
the nation. Patients are seen in a weekly clinic that has now expanded so
as to average some 30 to 50 individual patient visits weekly. Certain
selected patients with familial hyperlipoproteinemia are accepted for
inpatient or outpatient metabolic studies predominately drug or dietary of
from one to 200 weeks duration. The basic technique includes the paper
electrophoretogram, employing albuminated buffer. All samples are sent
through cholesterol and triglyceride determinations and all are examined
after standing in the cold for 24 hours for the presence or absence of
turbidity and/or a discrete cream layer. This permits preliminary
segregation of normal and abnormal patterns identified as Types I through
V. Selected samples are put through quantitative lipoprotein separation
consisting of centrifugation at plasma density, examination of electro-
phoretic mobility of lipoproteins in supernatant and infranatant fractions,
precipitation of all lipoproteins but high density lipoprotein, and separate
quantification by cholesterol content of alpha, beta, and very low density
lipoproteins. While patients are on diets high in carbohydrate, glucose
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tolerance tests with an associated iimnimoreactive insulin assay is done.

Post-heparin lipolytic activity (PHLA) is measured on selected samples as

is the activity of post-heparin plasma monoglyceride hydrolase and tri-

glyceride lipase. Many patients are tested for their responsiveness to

five basic isocaloric diets : ad libitum, a "balanced" 40--40-20 diet (percent

of calories from fat, carbohydrate, and protein) containing either 300 mg of

cholesterol with a normal P/S ratio or less than 300 mg of cholesterol with

a P/S ratio of 2, and diets high in fat or carbohydrate each with a constant

low cholesterol content. Often for both diagnosis and management patients

are placed on hypocaloric diet regimens.

Every effort is made to sample all the possible blood relative of a

patient and to classify them also into one or more types. Often these

samples are obtained from physicians or require field collections.

With the collaboration of the Biometrics Branch, National Heart

Institute, all of the information obtained by history, physical examination

and laboratory evaluation on inpatients and outpatients has been success-
fully transposed onto IBM punch cards. This process has now allowed us

to put all our patient data in card and tape form with ready availability
for computer analysis.

Cholestyramine (Questran^, 16 to 32 grams per day) is now being
evaluated in patients with Type II hyperlipoproteinemia, both on open single
blind studies on inpatients and in a double blind study with two control
periods of 4 weeks, alternating with two periods of placebo and

cholestyramine therapy. In selected patients responsiveness to cholesty-
ramine and clofibrate have been compared. An increasing number of

patients with Type II have been placed on long-term cholestyramine.

Nicotinic acid as well as the progestational compound norethindrone
acetate has been evaluated in selected patients with different types of
hyperlipoproteinemia. When possible, these agents' efficacy was compared
to nicotinic acid and cholestyramine.

Major Findings :

1. Family studies have now been extended to more than 3,500 patients
with classification of some members in approximately 450 different kindreds
with familial hyperlipoproteienmia. These include: 18 patients from 12
kindred with Type 1, 650 patients from 230 kindred with Type II, 87 patients
from 69 kindred with Type III, 178 patients from 86 kindred with Type IV and
76 patients from 37 kindred v/ith Type V. Over 2,500 other abnormal patient
samples have been screened, but because of the presence of acquired disorders,
evaluation went no further. The data continue to indicate that the first
three types of hyperlipoproteinemia are fairly homogeneous and distinct. No
patients v/ith Type II have appeared in Type III families or vice versa. Type
1 appears to be transmitted as a simple mendelian recessive trait. The
more common Type III has now occurred in families with enough frequency to

lead us to question its inheritance as a simple recessive and wonder about
its transmission as an incompletely expressed dominant trait. Type II is

likely the most common single genetic lipid tr.3.nsport abnormality;
distribution of patterns in the kindreds is compatible with a highly
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penetrant autosomal domonant. Type IV is perhaps the most common pattern
seen in the population at large. It is clearly heterogeneous. Type IV
and V are intermingled in kindreds; the latter type, however, appears to
be a separate genotype.

2. Improved methods of data transcription and storage have expanded
our capacity, but many request for analyses and assistance to physicians
cannot be accommodated. Plans are now underway to streamline the data
editing system and make final data more obtainable with online computer
terminals,

3. Vascular Disease prevalence in Type II Hyperlipoproteinemia .

Using retrospective case study methods , members of 120 kindreds with
Familial Type II are being contacted. All first degree relatives of
propositi, and then all first degree relatives of any subject with familial
Type II hyperlipoproteinemia are being included in the study. All patients
are interviewed to determine the prevalence of angina pectoris , myocardial
infarction, intermittentclaudication, and stroke. Supportive hospital
and physician data arefJorapiled to substantiate rigid diagnostic criteria.
The interview also records information on smoking, blood pressure, glucose
tolerance, family history of coronary heart disease (CHD) and any
therapeutic interventions (diet and/or drug). If the patient is deceased,
death certificates are obtained and a family member contacted to determine
if death was sudden. Autopsy reports, when available, are obtained. A
current 12 channel resting ECG is obtained on all patients in the study if

one was not performed since January, 1970. Whenever possible. Beta
quantifications have been performed at the NIH to document the presence or
absence of increased low density lipoprotein (LDL)

.

As of March 30th, approximately 40 kindreds have been completely
contacted. In an additional 20 kindreds, interviews have been performed
on some but not all subjects. In over 100 kindreds, much historical in-
formation has been obtained. Information on twenty-four kindreds selected
at random at the start of the study is almost complete and soon analysis
of this data should give preliminary results.

4. Type II Hyperlipoproteinemia Intervention Study . In cooperation
with the Cardiology Branch the Lipid Metabolism Branch has begun a study
aimed at elucidating the effect of treatment of Type II on the rate of

progression of coronary artery disease. The study is designed to answer
the question "Does the reduction of plasma LDL in subjects with Type II hyper-
lipoproteinemia cause regression or decreased progression of premature
coronary artery disease?"

This study will involve enrollment of 250 Type II patients with
coronary artery disease from the local area. This group will receive

extensive lipid and cardiologic evaluation (including coronary angiography)

and will be split into treatment (Type II diet plus 24 gm. of Cholestyramine)

and control (Type II diet plus placebo) groups. They will be followed

monthly and receive intensive re-evaluation at two and five years including

repeat coronary angiography. The end points which will be sufficient to

terminate the study prematurely are significant differences between the
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treatment and control groups in (1) mortality and new myocardial infarction

or (2) rate of progression of coronary artery disease as shown on coronary

angiography.

The planning and organization of the study and the testing and ac-

quisition of the necessar>' associated machinery and materials is nearing

completion. It is anticipated that the enrollment of patients for the study

will begin on or around July 1, 1971.

5. Evaluation of Different Systems and Techniques for Defining Hyper-

lipoproteinemi a . Attempts have been made to stress the utility of the

cholesterol and triglyceride determinations coupled with a view of the plasma

as the initial step in lipoprotein phenotyping. In Type I the TG/C ratio is

often 10/1 and there is a large discrete cream layer over a clear infrana-

tant plasma. In Type II cholesterol is increased but triglyceride is often
norm.al: the plasma is clear. In Type III cholesterol and triglyceride are

often increased to the same extent and depending on the patient's diet the

plasma may be clear to grossly turbid with or without a discrete cream
layer. In Type IV the plasma cholesterol concentrations are often normal.
The triglyceride concentration is always elevated usually in the 300-900 mg%
range. Depending on the degree of triglyceridemia the plasma may be clear
diffusely turbid or creamy. In Type V triglyceride concentrations are
usually grossly increased above cholesterol. The plasma is usually
diffusely turbid with a distinct cream layer on top.

In normals and subjects with Types II and IV hyperlipoproteinemia
it was found that ^-lipoprotein concentrations (in terms of 3LP cholesterol)
could be accurately estimated if one knows only the plasma and HDL lipo-
protein cholesterol concentrations and the plasma triglyceride. Using
the formula (6-lipoprotein (LDL) cholesterol = plasma cholesterol - HDL
cholesterol - TG/5) , LDL concentrations can be accurately determined in
all subjects free of chylomicra with triglyceride less than 400 and with-
out the Type III abnormality.

6. Dietary Management of Hyperlipoproteinemia . In collaboration with
the Nutrition Department of the National Institutes of Health a dietary
handbook for physicians as well as individual diet manuals for each lipo-
protein phenotype have been written and revised. The diets were based on
our experience with hundreds of patients on the wards and the out-
patient clinics of the National Heart and Lung Institute. In Type I a low
fat diet (25-35 grams) is described and a special section has been
detailed on formula feeding for the very young. In Type II an extremely
low cholesterol diet modified in fat (high P/S ratio) is recommended.
The diets for Types III, IV and V are broken down into two parts. In step I
caloric restriction and reduction to ideal body weight is recommended.
In step 2, Type III, the percent of calories from CHO and fat are balanced
(40% as each) and cholesterol is restricted. In Type IV carbohydrate
and alcohol are modestly restricted. In Type V the dietary fat content
is restricted to less than 70 grams per day, protein content is increased
and alcohol is eliminated. The diet manuals were written with an attempt
at supplying the physician, dietician and patient with useful information
and practical effective dietary regimes. In all manuals it is stated that
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these diets are not for normal subjects. Thus far, over 250,000 handbooks
and manuals have been distributed. Their demand is great.

7. Cholestyramine (Questran ^) , has now been given to over 80

patients with familial Type II. In the Type II heterozygote cholesterol can
now be brought within normal limits. In some 48 completed double
blinded trials with cholestyramine and placebo a mean reduction of
cholesterol and BLP cholesterol of 25-40% has been achieved. Inpatient
studies (in Type II subjects) have clearly shown that a low cholesterol
high P/S diet and cholestyramine in a dosage of 16-24 grams per day
are additive and more effective than either drug or diet alone. Resolution
of tuberous xanthomas and xanthelasma has now been observed in 8 Type II
heterozygotes on long term diet and drug therapy. In Type II cholestyramine
has resulted in a minimal but statistically significant increase in plasma
triglyceride concentrations. In other types of hyperlipoproteinemias. Type
III-IV-V, this triglyceride increase is often striking making the resin
therefore only efficacious in Type II.

In 10 Type II homozygotes the combination of cholestyramine and
diet have been variably effective. In 3 homozygotes this has resulted in
a normalization of blood lipids. In 6 other subjects addition of nicotinic
acid to the above regime normalized the blood lipids (3) or at least
drastically reduced cholesterol levels to below 400 mg%. In 1 Type II
homozygote, age 5, neither cholestyramine (32 grams /day) nor nicotinic
acid have effectively lowered the cholesterol.

In a series of patients nicotinic acid (3 grams /day) has proven more
effective than clofibrate (2 gms/day) in the management of Type V hyper-
lipoproteinemia (6 patients). In contrast, in Type II nicotinic acid
has lowered cholesterol and BLP concentrations but at rather high dosages
(4.5 - 9.0 gms/day).

8. Lipid Research Clinics . The Molecular Disease Branch has
collaborated with the newly formed Lipid Metabolism Branch of the
Collaborative Studies Program-NHLI to help establish Lipid Research
Clinics. The clincs will serve both an educational and research role.
They will aim to standardize basic as well as sophisticated lipid and
lipoprotein techniques, gather data about the prevalence of hyperlipo-
proteinemia and through a central registry serve as the foci for future
intervention studies.

Significance to Biomedical Research and the Program of the Institute ;

Successful recording of the concepts and classification of blood lipid ab-
normalities is of considerable and practical importance to physicians.
Some of these disorders play an important role in the determination of the
susceptibility to atherosclerosis. Understanding the pathogenesis and
mechanisms of abnormal lipid transport as demonstrated in patients with
these disorders should hasten the understanding of normal processes and
normal susceptibility to vascular disease.

757
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Proposed Course ;

1. The objectives outlined in the introduction will continue to be

pursued with increased emphasis on determination of abnormal mechanisms.

Continued improvements in typing will be sought; the laboratory also

instructs many outside laboratories in the techniques. Representatives of

well over 200 laboratories have been accommodated during the past year.

2. In collaboration with the Cardiology Branch further objective

correlation of hyperlipoproteinemia and coronary and peripheral artery

disease will be pursued and short and long term effects of drug and diet

therapy on the vascular system will be evaluated. Attempts will continue to

be made to establish what proportion of the patients with premature vascular

disease and hyperlipoproteinemia have a familial metabolic disorder, and

to define both retrospectively and pirospectively the trie vascular risk of

the different types.

3. Evaluation of the efficacy of nicotinic acid, cholestyramine and

clofibrate will continue. In those types who have already proven to be

nonresponsive to clofibrate or cholestyramine, other lipid lowering agents

will be evaluated. Further evaluation of the effects of varation in dietary
constituents on the types of hyperlipoproteinemia will continue.

Publications:

Heinle, R.A. , Levy, R. I., Fredrickson, D. S., and Gorlin, R.

:

Lipid and carbohydrate abnormalities in patients with angiographically
documented coronary artery disease. Am. J. Cardiol. 24: 178-186, 1969

Fredrickson, D. S. : The role of lipids in acute myocardial infarction.
Circulation 40; suppl. No. 4, pp. IV-99 - IV-111, 1969.

Brown, W. V., Levy, R. I., and Fredrickson, D. S. : Studies of the
proteins in human plasma very low density lipoproteins. J. Biol.

Chem. 244: 5687-5694, 1969.

Fredrickson, D. S.: Disorders of lipid metabolism and xanthomatosis.
In M. M. Wintrobe, G. W. Thorn, R. D. Adams, I. L. Bennett, Jr.,
E. Braunwald, K. J. Isselbacher, and R. G. Petersdorf (Eds.),
Harrison's Principles of Internal Medicine. New York, McGraw-Hill
Hill Book Company, 1970, pp. 629-639.

Fredrickson, D. S.: Atherosclerosis and other forms of arteriosclerosis.
Ibid. Pp. 1239-1252.

Fredrickson, D. S.: Plasma lipid abnormalities and skin lesions
(xanthomas). In T. B. Fitzpatrick (Ed.)., Dermatology in General
Medicine . New York, McGraw-Hill. In press.
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Fredrickson, D. S.: Mutants, hyperlipoproteinemia and coronary-
artery disease (The St. Gyres Lecture of the National Heart Hospital
presented at The Royal College of Physicians, London, December 1970).
British Medical Journal . In press.

Fredrickson, D. S.: Hyperlipoproteinemia with carbohydrate intolerance.
In Diabetes Mellitus: Diagnosis and Treatment (Vol. III). American
Diabetes Association . In press.

Quarfordt, S., Levy, R. I., and Fredrickson, D. S. : On the lipoprotein
abnormality in Type III hyperlipoproteinemia,
J. Clin. Invest.

Stanbury, J. B., Wyngaarden, J. B., and Fredrickson, D. S.: Inherited
variation and metabolic abnormality. Chapter 1. In The Metabolic
Basis of Inherited Disease , third edition, J. B. Stanbury, J. B.

Wyngaarden, and D. S. Fredrickson (Eds.), New York, McGraw-Hill, 1971.

In press.

Levy, R. I.: Classification and etiology of hyperlipoproteinemias.
Fed. Proc. In press.

Levy, R. I., and Gotto, A. M. : Diagnosis and management of lipid
transport disorders. In Tice's Practice of Medicine , Hoeber Medical
Division, Harper and Row, Publishers, 1971. In press.

Kelley, W. N. , Greene, M. L. , Fox, I. H. , Rosenbloom, F, M.,

Levy, R. I,, and Seegmiller, J. E.: Effects of orotic acid on
purine and lipoprotein metabolism in man. Metabolism 19:1025-1035,
1970.

Fredrickson, D, S., and Levy, R, I.: Familial hyperlipoproteinemia.
Chapter 28. In The Metabolic Basis of Inherited Disease , third
edition, McGraw-^Hill , 1971. In press.

Levy, R. I., Bonnell, M. , and Ernst, N, D. : The dietary management
of hyperlipoproteinemia. Journal of the American Dietetic
Association . In press.
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Project Description:

Objectives : The very low density lipoproteins (VLDL) are responsible for

the transport of most of the body's glyceride from sites of origin to sites

of catabolism and storage. The apoprotein moiety of VLDL, while comprising
only 10% of the particle mass , appears to play a critical role in the

structural integrity of the lipoprotein. Moreover, it seems to contain
essential cofactors for /lipoproteins ' catabolism. This project is a con-

tinuation of work proceeding for the last five years on the quantification
and characterization of the apoproteins of VLDL.

Methods : VLDL was prepared from plasma of normal subjects and patients
with Types I, III, IV and V hyperlipoproteinemia. The techniques employed
were those described in previous annual reports. After delipidation and
solubilization the apo-\T.DL was fractionated by gel and ion exchange chromato-
graphy. The various fractions obtained were analyzed as to their immuno-
chemical and electrophoretic properties, amino acid
content and capacity to activate lipoprotein lipase,
were those previously reported from our laboratory.

composition, carbohydrate
The techniques used

Major Findings :

1. It has been possible to refine further the chromatographic techniques
for the isolation of the apo-VLDL peptides in homogeneous form. As previously
reported, the peptides with COOH terminal serine, glutamic acid, valine and
alanine comprise 80-85% of the total VLDL protein. The remaining 15-20% is
composed of several peptides which differ in their electrophoretic mobility,
chromatographic properties and amino acid composition. They are subject of
further analysis.
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1. In addition to apoLP-glu, at least one additional peptide representing

2-3% of the total VLDL protein has been found to activate lipoprotein lipase.

Its immunological and biochemical properties are under investigation.

3, The carbohydrate composition of some of the major peptides has been
quantified. ApoLP-val contains no carbohydrate. ApoLP-ala is present in two

forms. On a molar basis one form contains N-acetyl neuraminic acid (NANA):

galactose: galactos amine in a 1:1:1 ratio. The other form is identical except
for the presence of 2 moles of NANA per mole of protein. ApoLP-glu contained
no sialic acid and galactose, galactosamine and glucosamine were present in

less than molar quantities. The latter findings are difficult to interpret
and additional determinations are necessary.

4. With improved techniques, the relative apoprotein composition of VLDL
in four of the five types of hyperlipoproteinemia was evaluated. No defect
in the quality or relative quantity of the major VLDL apoproteins was found.
ApoLP-glu obtained from the VLDL of Types I, III, IV and V has been found to

activate lipoprotein lipase.

Significance to Biomedical Research and the Program of the Institute :

All of the major and several minor apoproteins of plasma VLDL have been iso-
lated in quantity in homogeneous form. Detailed analysis of their structure
has been undertaken. A functional role has been found for at least two of
them (lipoprotein lipase activation) . It will now be possible to evaluate in
detail their peculiar affinity for lipids. The structure and function of
these lipid binding proteins is particularly germane to the study of vascular
disease.

Proposed Course :

1. Studies of the primary secondary and tertiary structure of the VLDL
peptides will be continued.

2. Systems will be established for investigating the interaction of
these peptides with various lipid combinations.

3. The role of carbohydrate in determining the immunological and
physical-chemical properties of these peptides will be further investigated.

4. The protein composition of chylomicrons will be evaluated in detail.

Publications

:

LaRosa, J.C, Levy, R.I., Herbert, P., Lux, S.E., and Fredrickson, D.S.:
A specific apoprotein activator for lipoprotein lipase. Biochem .

Biophys. Res. Comm . 41:57, 19 70.

Brown, W. , Virgil, Levy, Robert I., and Fredrickson, Donald S.:
Further characterization of apolipoproteins from the human plasma very
low density lipoproteins. J. Biol. Chem . 245: 6588, 19 70.

LaRosa, J.C, Levy, R.I., Brown, W.V. , and Fredrickson, D.S.: Changes
in high density lipoprotein protein composition after heparin-induced
lipolysis. Am. J. Physiol . 220: 785-791, 19 71.

7^/



Serial No. NHLI-282(c)
1. Molecular Disease Bra-ach

2. Sections on Protein Structure

and Lipoproteins

3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 19 70 through June 30, 19 71

Project Title: The Biochemistry and Metabolism of Plasma Lipoproteins:

The structure and genetic control of lipoproteins

Previous Serial Number: NHLI 311(c)

Principal Investigators: Antonio M. Gotto, Jr., M.D. , Ph.D.

Robert I. Levy, M.D.

Donald S. Fredrickson, M.D.

Other Investigators

:

Cooperating Units

Mariel Bimbaumer, Ph.D.

Samuel Lux, M.D.

Ronald Hirz, M.D.

Sumana Devi, Ph.D.

Richard Shulman, M.D.

Kathryn John, B.A.

Tom Bersot, B.A.

Vanderbilt School of Medicine
Nashville, Tenn.

William Bean, Ph.D.

General Electric Corp.
Schenectady, New York

Project Description:

Objectives : The major objectives of this project have been the study of

the physical and chemical determinants of lipid transport by the plasma lipo-

proteins and of the possible relationship of these determinants to lipid

transport disorders. The main areas of investigation have included the

physical and immunochemical properties of apoLDL, (including the development

of a specific radioimmunoassay) , the use of electron spin resonance to probe

lipid protein interactions, the application of laser beam spectroscopy to the

quantification and characterization of the plasma lipoproteins, the develop-

ment of theoretical models for representing lipoprotein structure and the

characterization of rat plasma lipoprotein—proteins.

Methods : Procedures for the isolation of the plasma lipoproteins and
their apoprotein moieties are as described in a previous report [NHI-311(c),
1969-19 70]. Methods for the preparation of spin-labeled lipoproteins and

apoproteins with N-(l-oxyl-2,2,6 ,6-tetramethyl-4-piperidinyl)-maleimide were
also described in this earlier report. Physical probes used to examine lipid-
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protein interactions were electron spin resonance (ESR) , circular dichroism
(CD) and laser beam spectroscopy. Immunological methods employed included
Immunoelectrophoresis, double diffusion on Ouchterlony plates and radioimmuno-
assay.

Major Findings :

1. Structure and properties of the apoprotein moiety of LDL .

a) Method of preparation of apoLDL . LDL was delipidated with chloroform:
methanol (2:1) or ether :ethanol (3:1). The former procedure yielded an apo-
protein with a phospholipid content of <01% (mg phospholipid per mg protein)
while the latter method gave a product containing 1 to 2% phospholipid. The
apoproteins were then solubilized by either incubation at pH 11.0 or by treat-
ment with 100 mM sodium decyl sulfate as previously described. The method of
delipidation or of solubilization did not alter the immunochemical properties
of the apoprotein as judged by double diffusion experiments or by radioimmuno-
assay. Nor was the conformation of apoLDL, as determined by circular dichroism
(CD), affected by the method of preparation, if the spectrum was measured at

pH 8.0. At pH 11.0 apoLDL didplayed the CD spectrum expected of a disordered
protein. Adjustment of the pH to 8.0 effected an immediate change to a

spectrum characteristic of 3-structure.

b) Apoprotein heterogeneity of LDL . When isolated between densities 1.019 to

1.063, apoLDL was found by polyacrylamide gel electrophoresis (PGE) and by
double diffusion Ouchterlony experiments to contain as much as 5% of the major
apoproteins found in VLDL , i.e., apoLP-ala, apoLP-val and apoLP-glu. The
content of these three proteins could be significantly reduced by isolating
LDL between the more narrow density range of 1.025 to 1.050.

c) Development of a radioimmunoassay for apoLDL . Anti-apoLDL serum was pre-
pared by injection of human apoLDL into rabbits. The globulin fraction con-
taining the anti-apoLDL activity was precipitated with Na2S04 , dialyzed
against saline and bound to bromoacetylcellulose by a published procedure.
The insoluble antibody was able to precipitatt 95% of added ll25-iabeled LDL.
Assays were performed in 0.05 M borate buffer, pH 8.5, containing 3% human
albumin. The incubation mixture contained 300 yl of the albuminated borate
buffer, 100 yl of I^^^-LDL, 15 yl of suspension of the bound antibody and
varied quantities (up to 100 yl) of the unknown sample to be assayed. Incu-
bation was carried out at 4°C for 20 h with constant shaking. The mixture was
then centrifuged for 30 min at 2000 rpm at 4°C. Both the supernatant (con-
taining free tracer) and the precipitate (containing bound tracer) were counted
and a ratio of B/F (bound/free) was calculated. Standard curves were run
containing 10 to 1280 nanograms of LDL protein. The minimal amount detectable
was in the range of 5 to 10 nanograms . On the basis of weight of protein, LDL
was 3 to 5 times as effective as apoLDL in the displacement of I^^^-LDL. Apo-
LDL and its protein counterpart isolated from VLDL were shown to have in-

distinguishable displacement curves. This method is from 100 to 1000 times
more sensitive than the previous procedures for quantification of LDL-protein.

2. Use of electron spin resonance to study lipid-protein interactions in
the plasma lipoproteins . In the previous report, preliminary experiments were

described in which the physical probe of electron spin resonance (ESR) was
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used to study the structure of lipoproteins to which a stable nitroxide free

radical had been covalently attached. It was shown that spin-labeled HDL con-

tains two types of signal; a broad one indicating strong immobilization of the

label and a narrow one indicating a weak immobilization. Spin-labeled apoHDL

exhibited almost exclusively the narrow type of signal. We have continued this

investigation and have used spin-labelling to study relipidation. It has been

possible to regenerate the broad signal, characteristic of native HDL, by re-

constitution of spin-labeled apoHDL with phospholipid and either triglyceride

or cholesteryl ester. Neutral lipid was obligatory for restitution of the

broad signal and the requirement could not be fulfilled by unesterified

cholesterol. The relative ratio of broad to narrow signals was greatly in-

creased at hi^ ionic strength, suggesting that hydrophobic interactions may

be important in immobilizing the covalently-bound spin-label. Addition of

ascorbic acid abolished by the broad and narrow signals at essentially identical

rates, demonstrating that the label producing each type of signal has equal

accessibility to water soluble agents. It was concluded that this technique

offers a sensitive indicator of the process of relipidation of apoproteins.

3. Applic ation of laser beam spectroscopy as a structural probe and a

method of quantification of the plasma lipoproteins . The spectrum of mono-
chromatic light scattered by a suspension of particles gives information about
the motion of the particles and can be used to calculate their translational
diffusion constant. In the technique of self-beat spectroscopy, light from a

Helium-Neon laser, producing at least 1 mW of power, is focussed onto a cell
containing a dilute aqueous solution of the lipoprotein. Each illuminated
particle scatters light if its index of refraction differs from that of the
surrounding medium. The light scattered into a small range of angles about a

given angle is collected onto the photosurface of an RCA photomultiplier tube,
producing a current that is proportional to the intensity of light falling on
the photocathode. This intensity is constantly fluctuating around its average
value due to the Brownian motion of the particles . The temporal fluctuations
in the output of photocurrent are a measure of the random motion of the particle
and are mathematically related to the translational diffusion constant. We
have used this method to measure the diffusion constants of LDL and HDL and the
particle size with a precision of 3%. The values obtained for the diffusion
constants are in excellent agreement with those obtained by ultracentrifugation.

With the use of optical heterodyne spectroscopy and an autocorrelation
technique it is possible to obtain a frequency distribution and a quantification
of a mixture of particles based on differences in the size, density and re-
fractive indices of the families of particles. The procedure is referred to
as a resistance fluctuation technique and is similar in principle to the
Coulter procedure for sizing and counting red cells. Application of the
methodology to the quantification of the families of plasma lipoproteins in
mixtures and in serum is now in progress.

4
.

Development of a model for studying induced perturbations of LDL
stricture . Electron microscopic studies of plasma LDL have been interpreted
to indicate the presence of a dodecahedral arrangement of subunits or of icos-
hedral symmetry. We have used the dodecahedral structure to develop a computer
simulated model, employing thermal motion probability ellipsoids of the twenty
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protein subunits. The inputs consist of positional parameters and temperature

parameters which specify how the subunits are to be represented on a stereo-

scopic diagram. The program produces stereoscopic illustrations which aid in

the visualization of complex packing arrangements of the subunits and of

thermal motion patterns. Interunit distances, angles between units and

principal axes of thermal motion are also calculated. By reorientation of the

arbitrary orthogonal vectors or by altering the distances between the subunits,

it is possible to induce structural distortions and changes in the patterns of

thermal motion. It is possible by induced distortions to derive the con-

figuration with the minimal free energy conditions for stability. This

mathematical approach will be used as a theoretical basis for the interpretation

of electron spin resonance spectra obtained from metal complexes of LDL. It

may also be used as a basis of comparison with the distribution of particle

density observed in electron micrographs.

5. Study of rat plasma lipoproteins. In collaboration with Mr. Tom Bersot

of Vanderbilt University, these studies have continued. Individual apoproteins

of VLDL , LDL and HDL have been isolated and compared with respect to absorption

spectroscopy, circular dichroism, molecular weight (by ultracentrifugation)

,

immunochemistry , amino acid analysis and activation of lipoprotein lipase.

By comparing these properties , it has been possible to gain information about

the interrelation between VLDL, LDL and HDL in the rat.

Significance to Biomedical Research and the Program of the Institute .

An understanding of the basic mechanisms of lipid transport is essential for

the unraveling of the relationship between lipid transport and the patho-
genesis of cardiovascular disease.

Proposed Course :

1. Fractionation of the protein of LDL into its polypeptide constituents
will be attempted. Isolated polypeptide constituents will be degraded by
chemical and proteolytic agents and fractionated by gel-filtration and ion-
exchange chromatography. The isolated peptides will be studied for ability
to bind lipid, for conformational properties and for immunological activity.
In this way it is hoped to identify the specific peptide segments which
determine these properties.

2. The radioimmunoassay of LDL will be applied to the quantification of
apoLDL in the LDL and VLDL in clinical disorders and to the assay of this
protein in the arterial wall.

3. Electron spin resonance will be used to study the symmetry of lipo-
proteins and the spatial arrangement of the individual constituents. Attempts
will be made to test mathematical models of lipoprotein structure by studying
the effects of specific perturbations on the ESR spectra.

4. Laser beam spectroscopy will be used to probe lipoprotein structure
and will be applied to the problem of quantification of the families of plasma
lipoproteins

.

5. These studies will be pursued in part at the NHLI and in part in the
Division of Atherosclerosis and Lipoprotein Research at Baylor College of
Medicine, The Methodist Hospital, Houston, Texas.
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Project Description:

Objectives : The primary objectives have been the elucidation of the

structure and function of normal plasma high density lipoprotein (HDL) and

its alteration in Tangier disease, an inherited error of HDL metabolism. As

noted in previous reports, an understanding of the pathogenesis of Tangier

disease promises to increase our insight into the role of HDL in normal

lipid transport. In addition, knowledge of the molecular nature of the lipid-

protein interaction in HDL is applicable to the structure of membrane

lipoproteins as well as other plasma lipoproteins.
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Me thods: Plasma was collected by plasmaphoreses from fasting normal

subjects and patients with Tangier disease or their relatives. Lipoproteins

were isolated between densities of <1.006 (VLDL) , 1.006-1.019, 1.019-1.063

(LDL), 1.063-1.210 (HDL), 1.063-1.125 (HDL2) , 1.125-1.210 (liDL^) or

>1.210. Apoproteins ^^7ere obtained by delipidation with ethanol-ether (1:3)

and fractionated by chromatography on G-200 Sephadex or DEAE cellulose in

Tris buffers containing 6M urea,

Majc r Findings ;

1. Further Characterization of apo-HDL Subuhits : Isolation and pre-

liminary characterization of the tv;o major (R-thr and R-gln) and three minor
(K-val, R-glu and R-ala) apoprotein subunits of HDL were reported in detail

in last year's report. These studies were continued with particular emphasis

on the structure of R-gln. The amino acid composition of R-gln was determined
after hydrolysis for 24, 48, 72 and 96 hours, hydrolysis in the presence of
6-mercaptoethanol and hydrolysis following performic acid oxidation. No

tryptophan, histidine, arginine or cysteine was present. One disulfide bond
was found and there were 2 moles of isoleucine and methionineA5, 000 gm of

protein. C-terminal analysis with carboxypeptidase yielded glutamine.
The N-termlnal residue was not detectable by the dansyl chloride or phenyl-
isothiocyanate techniques and is presumably blocked. Extensive testing was
done to determine the optimal conditions for cleavage by CNBr. The cleavage
products were separated by chromotography on Sephadex G-75 and by rechromato-
graphy of incompletely fractionated peaks on CM-cellulose. Four fractions,
labelled CI, C2, C3 and CX were obtained. Preliminary experiments using
the a~hydroxybutyric dehydrogenase inhibition assay described below
suggested that CI, C2 and C3 could bind phosphatidyl choline (PC) and that
CX had no affinity for PC. Further characterization of these fragments
and their lipid binding properties is under active investigation at the
present time.

2. Lipid Affinity of ApoHDL R-thr and R-gln and Lipoprotein
Reconstitution ; ApoHDL will recombine spontaneously with PC but not with free
cholesterol (FC) , cholestryl ester (CE) or triglyceride (TG) , other lipids
found in native HDL. Complete relipidation may be effected by sonification
of apoHDL and PC in the presence of one or more of the above lipids at a
temperature above the liquid-crystalline transition of the lipids used.
This technique, developed by Dr. R. Hirz, was used to study the effects cf
relipidation on the structure of apoHDL as described below.

Several observations suggested that R-gln had a greater lipid affinity
than R-thr. In recombination experiments R-gln consistently combined with
PL and CE more readily than R-thr. In addition, studies reported last year
on the dehydration of HDL indicated that lipid-free R-thr dissociated readily
from HDL while R-gln retained a complement of lipids similar to native HDL.
In collaboration with Dr. Sidney Fleischer, Vanderbilt University, we tested
the ability of R-thr, R-gln and apoHDL to inhibit the recombination of
inactive apo-e-hydroxybutyric dehydrogenase with lecithin necessary to
produce an active enzyme. Less R-gln (15 yg) than R-thr (57 yg) or apoHDL
(40 yg) was required to inhibit the enzyme system by 50%. Similarly, the
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raaximal inhibition by R-gln (81%) was greater than R-thr (52%) or apoHDL

(71%).

3. Circular Dichroism (CD) or Relipidated Apoproteins; The effect of

lipid recombination on the secondary and tertiary structure of apoHDL, R-gln

and R-thr was monitored by CD measurements in the near and far ultraviolet
(UV) . Spectra were analyzed by comparison with model spectra of poly-L-
lysine using the Modelaide curve analysis program developed by R. I.

Shrager, By CD criteria native HDL contained 70% a-helical, 15% beta and

15% disordered structure. Delipidation decreased the helical content by

20% with a corresponding increase in disordered structure. R-thr had more
ordered structure (55% helix) than R-gln (35% helix) . The effects of

organic solvents and urea on the CD spectra of these proteins were completely
reversible. Reconstitution of R-thr, R-gln and apo HDL with PC + CE

restored, respectively 110%, 80% and 100% of the helical structure of the
parent HDL, PC alone restored 50-70% of the increase produced by PC + CE.

Spectra of HDL in the near UV were substantially altered by delipidation
with a generalized decrease in ellipticity. PC partially, and PC + CE

completely restored the near UV spectra to that of native HDL. These studies
indicated that both PC and CE are required for complete reorganization of

the secondary and tertiary structure of HDL.

4. Electron Microscopy (EM) of Relipidated Apoproteins; In collabora-
tion with Drs. T, Forte and A, Nichols, University of California, we
examined the influence of relipidation on the EM appearance of R-thr and
R-gln. The apoproteins alone appeared as fine granular aggregates below
the resolving power of the microscope. PC alone or PC + FC produced the
characteristic "liposomes" oir "myelin figures" reported by others. Either
R-thr or R-gln when recombined with PC alone or PC + FC produced disks, 55

A thick and 150-200 A wide, which stacked in rouleaux. Similar forms have
previously been seen in HDL from lecithin-cholesterol acyl transferase
(LCAT) deficient patients and in the d, 1.063-1,210 fraction from dehydrated-
rehydrated HDL. All these systems have in common a decreased (or absent)
CE content. Completely relipidated R-thr or R-gln, produced by sonification
of apoproteins +PC+FC+CE or treatment of apoproteins +PC+FC with LCAT,

appeared as round forms with definite subunit structure, similar to native
HDL.

5. Endotoxin - Inactivating Activity of HDL : In collaboration with Drs,

F. S. Rosen, Harvard Medical School and R. Skames, Worchester Foundation for
Experimental Biology, we have examined the endotoxin-inactivating properties
of HDL. This activity is thought to require at least two steps. One of
these is an esterase, confined to HDL, which is assayed with an artificial
substrate, g-napthyl acetate. The second step is assayed immunochemically.

HDL, HDL2 and HDL3 were active in both assays. ApoHDL had no esterase
activity but retained a portion of the immunochemical activity. The esterase
activity was partially restored by recombination of apoHDL with PC alone and
completely restored by PC + CE. Either R-thr or R-gln could substitute for
apoHDL in these assays. Tangier plasma had very low levels of endotoxin-
inactivating activity. Plasma from patients with abetalipoproteinemia or
Tangier plasma supplemented with normal HDL had normal activity.
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6. Quaternary Structure of HDL; EM and molecular weight (>JW) sizudies

from other Laboratories suggest that HDL is composed of 30,000 MU' subunits.

Whether these subunits are dimers of R-thr (16,000 MW) or R-gln (14,000 !«f.v)

or whether they are mixed dimers is unknown. In addition, it is not known
whether all HDL molecules have the same protein composition. Because of the

importance of such information in understanding the structure of the intact

HDL macromolecule, studies were begun to determine the relationship of R-thr

to R-gln in HDL.

R'-thr and R-gln were coyalently bound to Sepharose 4B and used to pre-
anrx ~

pare purified antiR^thr ana,/K-gln from antiHDL. In preliminary experiments
j

antiR-thr precipitated 100% of HDL molecules, antiR-gln only 45-55%. The
HDL remaining in solution after antiR-gln precipitation contained only R-thr.
Hence, there are at least two forms of HDL, one containing only R-thr and one
containing approximately equimolar quantitites of R-thr and R-gln. Poly-
acrylamide gel electrophoresis of HDL yielded two lipid-containing bands.
Protein analysis of these bands has not been completed.

7. Composition of HDL from Tangier Heterozygotes

:

As reported last
year, the trace amount of HDL present in homozygous patients with Tangier
disease has an abnormal composition (R-thr/R-gln = 1/12; normal = 3/1).
However, no immunochemical or electrophoretic difference exists between
the isolated Tangier apoproteins and their normal counterparts, suggesting
the disorder may be inadequate s^mthesis of an otherwise normal R-thr. A
logical extension of this hypothesis is that Tangier heterozygotes should
have a partial defect in R-thr synthesis. Preliminary experiments confirm
this. The composition of HDL from two Tangier heterozygotes was abnormal
(R-thr/gln = 1.5/1, norm.al = 3/1).

Significance to Biomedical Research and the Program of the Institute:

Knowledge of the basic structure of the plasma lipoproteins is vital to
our understanding of normal and abnormal lipid transport. This is specifically
germane to vascular disorders associated with abnormal plasma lipid concen-
trations .

Proposed Course {

1. Primary sequence studies of R-gln and, in particular, of lipid
binding peptides isolated following partial degradation of R-gln will be
continued. The lipid-blnding properties of these peptides will be explored
in detail. In addition, lipid derivatives will be prepared which will cova-
lently label the lipid-binding site to aid in its identification and
characterization.

2. Studies of the effect of relipidation on the structure of R-thr and
R-gln will be continued. In particular the effect of relipidation on
fluorescence properties of the apoproteins will be explored. New methods of
relipidation using insolubilized LQAT instead of sonification are being
developed which should provide a reconstituted HDL more nearly resembling
native HDL than is currently possible. Additional studies of the "disk-sphere"
transition seen in the electron microscope will be undertaken using
differential scanning calorimetry to moniter the physical state of the lipids
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in each conformation.

3. Ongoing studies of the quaternary structure of HDL will be completed.

The two forms of HDL will be isolated and characterized by preparative poly-

acrylamide gel electrophoresis. Columns of Sepharoser-antiR-thr , Sepharose-

antiR—gin and parachloromercuribenzoate-Sepharose have been prepared for use

in separating HDL molecules based on their content of R-thr and R-gln.

Dimethylsuberimidate has been synthesized for use in crosslinking
neighboring subunits

,

4. Investigations of the protein defect in Tangier disease will be

continued. A radioimmunoassay of R-thr and R-gln is being developed which

will allow us to extend the current studies on Tangier heterozygotes as well

as detect aberrations of R-thr and R-gln metabolism in other disease states.

The lipid and protein composition, molecular size and electron microscopic

appearance of Tangier VLDL, LDL and HDL will be investigated. Radioactive

turnover studies of normal and Tangier HDL and VLDL are also planned and

should provide important information about the pathophysiology of

Tangier disease, the metabolism of HDL and its role in VLDL metabolism.

Publications!

1, LaRosa, J.C, R. I. Levy, P. Herbert, S.E.Lux, and D. S. Fredrickson.

A specific apoprotein activator for lipoprotein lipase. Biochem.

Biophys. Res. Comm. 41: 57-62, 1970.
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1. Lux, S,E., R. I. Levy, A.M.Gotto, and D.S .Frdrickson. Studies of

the protein defect in Tangier disease. Pediat.Res. 4: 439-440, 1970.

2. Lux, S,E., R. Hirz, R.I.Shrager and A.M.Gotto. Lipid induced
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Biophysical J. 11; 1812, 1971.

3. HirZjR., S.E.Lux, and A.M.Gotto. Lipid-protein interactions in

native and reconstituted high density lipoproteins studied with a spin
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Project Description:

Objectives : The principal objective of this study is development of an

inclusive method for determination of simple and complex lipids, including
the neutral glycolipids and gangliosides in plasma and tissues, for purposes

of improved diagnosis of the lipidoses. The human liver has been used as

the prototype tissue source. The methodology is particularly needed to

gain insight into the biochemical interrelationships of the neutral
glycolipids to each other and to other lipid classes.

Methods : Lipids were extracted from liver specimens (0.5 - 1.0 gms wet
weight) with C:M (2:1) and partitioned according to Folch. The lower phase
was subjected to silicic acid chromatography. The following were obtained:
(1) neutral lipids, (2) neutral glycolipids (contaminated with small amount
of phospholipid), and (3) remaining phospholipids. Cholesterol and
glycerides were determined by automated techniques. Phospholipids in the
glycolipid fraction were removed by alkaline methanolysis. The glycolipids
were separated by thin-layer chromatography and their carbohydrate
composition determined by gas chromatography of trimethylsilyl (TMS)
derivatives following acid methanolysis. This technique also permitted
the determination of the amount of each glycolipid present in the liver
sample. The phospholipid composition was determined on a separate aliquot of
the lower phase. The gangliosides in the upper phase were studied by thin-
layer and gas-liquid chromatography, and by the determination of the amounts
of sialic acid in each class of gangliosides.

Major Findings : An analysis of the lipids in normal human liver was
developed that is particularly designed to assist In the classification
and study of lipid storage diseases. Special emphasis has been given to
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determine the quantity and composition of the neutral glycolipid classes

and predominant ganglioside (Gj^3) . The neutral glycolipid content of

0.19 (S.D, + 0.11) ymoles per gm wet tissue represented 0.4 percent
of the total lipid in liver. Ceramide dihexoside was the most abundant
neutral glycolipid. The mean contents of cholesterol, glycerides , and
total phospholipids were 3.9, 19.5, and 25.1 mg/gm wet weight, respectively.
The relative amounts of seven different phospholipid classes were also
determined; these included cardiolipin (diphosphatidyl glycerol) which
constituted 3.9 percent of the liver phospholipids. The normal amounts
of each of six ganglioside classes has also been determined.

Significance to Biomedical Research and the Program of the Institute :

Tissue storage of lipids is a principal process in atheromata formation.
Studies which elucidate abnormalities in lipid metabolism and provide new
means for the detection of biochemical defects offer useful new approaches
which may yield specific clues to the process of atherogenesis

.

Proposed Course :

1. Investigation of abnormal human livers and particular emphasis
on patients with previously "unclassified" lipidoses.

Publications:

Kwiterovich, P. 0., Sloan, H. R, , and Fredrickson, D. S.:

Glycolipids and other lipid constituents of normal human liver.
J. Lipid Res ., 11,322, 1970.
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Project Description:

Objectives: To improve the knowledge of the biochemical basis of

the genetically determined tissue lipid storage diseases as well as to im-
prove diagnostic techniques for both the patients and possible heterozygous

carriers. Preliminary findings in this laboratory several years ago indi-

cated that cells derived froin the bone marrow of patients with Niemann-
Pick disease had an abnormal sphingomyelin content. The study of the

accumulation of sphingomyelin in tissue culture cells has now been ex-
tended to studies of the enzymatic defects in several lipid storage dis-

orders. Specifically, it has now been demonstrated that bone marrow
and skin fibroblasts derived from patisnts with Niemann-Pick disease,

Types A and B, have a markedly depressed level of the enzyme which
cleaves sphingomyelin. This type of investigation has been extended to

studies of sulfatide lipidosis, Gaucher 's disease, Fabry's disease, and
generalized gangliosidosis. These diseases offer a model of great

interest for study of the lipid storage diseases.
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Methods : Patients with Niemann-Pick disease, generalized ganglio-
sidosis, and patients with other lipid storage disorders are admitted for
evaluation, including biopsy for chemical studies if indicated. In addition,

bone marrow and skin biopsies are obtained and the resulting tissue is

propagated in tissue culture. The cells are cultivated and processed as
described in previous reports. Homogenates and sonicates of solid tissues
and tissue culture cells are prepared for enzymatic and lipid composition
studies as described previously.

Methods have been developed for labeling five complex lipids with
radioactive isotopes. Sphingomyelin, galactosyl ceramide, glucosyl
ceramide, ganglioside G-,./r^, and sulfatide have been labeled specifically

in the choline, galactose, glucose, galactose, and sulfate moiety. With
the use of these substrates and several commercially available nitro-

phenyi derivatives, tissue culture cells from over 140 individuals have
been studied.

In addition, tissue culture cells have been grown on cover slips and
have been incubated with 5-bromo-4-chloro-3-indolyl-|3-galactopyranoside
gal (BCI ), Peripheral leukocyte cultures and lOju thick sections of

human liver have also been incubated with this histochemical substrate.

The blue color, resulting from the formation of indigo following cleavage
of the terminal galactose of this molecule indicates the presence of

/3-galactosidase in the tissue culture cells. The method has recently

been extended to BCI-glucose and BCI-sulfate.

A novel method of purifying sphingolipid hydrolases has also been
developed. Sphingomyelin has been deacylated and the resulting sphingo-
sylphosphorylcholine has been covalently bonded to sepharose with water
soluble carbodiimides. Sphingomyelin acid hydrolase binds avidly to the

altered sepharose. The same technique has been employed with glucosyl
ceramide and sulfatide.

Major Findings:

1. A marked decrease in sphingomyelin cleaving enzyme was demon-
strated in tissue cultures from patients with the classical infantile form of

Niemann-Pick disease and the patients with the juvenile -visceral form of

this disorder. The enzymatic activity is normal in both tissue and tissue

cultures of patients with types C and D Niemann-Pick disease.
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2. Fibroblasts derived from skin and bone marrow of three patients

with generalized gangliosidosis have a markedly depressed activity of

3-galactosidase as demonstrated with both orthonitrophenylgalactopyrano-

side and ganglioside G t^- H.

3. Fibroblasts derived from the skin of six patients with meta-

chromatic leukodystrophy (sulfatide lipidosis) have been studied. These

cells contain a markedly decreased activity of sulfatidase activity employ-

ing ceramide galactose- 3 -sulphate -S35 as substrate. With para nitrocatechol

sulfate as substrate the preparations from patients with sulfatide lipidosis

have markedly depressed arylsulfatase A activity but normal arylsulfatase

B activity.

4. The activity of four enzymes: sphingomyelin cleaving enzyme,

glucosyl ceramide cleaving enzyme, G^^-/3- galactosid?. :;e, and ceramide

galactose -3 -sulfate sulfatase, have been determined in several fibroblast

lines derived from human amniotic fluid. Fibroblasts derived from amniotic

fluid obtained as early as the third month of gestation have measurable

levels of the various specific hydrolyases. This finding might permit the

intrauterine diagnosis of the three disorders characterized by absence of

these enzymes as early as the 22nd week of gestation.

5. Fibroblasts derived from the amniotic fluid have also been in-

cubated with 5-bromo-4-chloro-3-indolyl-/3-galactopyranoside. These

fibroblasts have readily demonstrated activity toward this substrate. This

finding may permit the intrauterine diagnosis of G gangliosidosis within

two days of obtaining amniotic fluid at amniocentesis. Two pregnancies

at risk for G gangliosidosis have been monitored successfully by this

method. The mfants, as predicted, are free from this disorder.

6. The fm mouse strain has been well established now at NIH. These
mice have a lipidosis which seems somewhat similar to adult of Type C
human Niemann-Pick disease. The sphingomyelin and cholesterol content
in the thymus is significantly higher in affected animals than in normals.
The content of sphingomyelin cleaving enzyme in the liver, thymus, and
spleen of affected mice, however, was not depressed when compared with
control mice of the same strain. Further studies have been performed
which demonstrate unequivocally that the major compound stored in sphingo-
myelin and not lysolecithin as previously reported. In addition, marked
accumulations of glycolipids and gangliosides have been demonstrated in

the affected mice. No specific ganglioside or glycolipid class is accu-
mulated.
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7. Sphingomyelin cleaving enzyme from normal human liver has

been purified by a combination of the techniques of classical enzyme bio-

chemistry and affinity chromatography employing sphingosylphosphoryl-

cholinesepharose. A pie paration has been obtained in which the sphingo-

myelin-cleaving enzyme has been purified over 10, 000-fold. Polyacryla-

mide gel electrophoresis reveals the presence of only one major and two

minor protein components.

8. Sulfatide-sulfatase from normal urine has been extensively puri-

fied by a combination of classical and affinity chromotographic techniques.

Polyacrylamide gel electrophoresis reveals that sulfatide-sulfatase con-

stitutes more than 95% of the protein present.

9. Glucosyl ceramide from normal liver has also been extensively

purified by these techniques. |3-glucosidase comprises more than 90% of

the protein in the purest preparation.

10. The diagnostic capabilities of the Molecular Disease Branch have

been expanded to include all of the major lipid classes and all of the carbo-

hydrates important in mammalian biochemistry.

Significance to Biomedical Research and the Program of the Institute ;

Tissue storage of lipids is a principal process in atheroma formation.

Studies which elucidate abnormalities in lipid metabolism and which provide

new means for the differentiation of biochemical defects offer useful new
approaches which may yield specific clues to the process of atherogenesis.

Moreover, a perpetuation of metabolic disorders in tissue culture cells

makes possible a detailed approach to the pathogenesis and control of meta-
bolic disorders. In addition, this perpetuation may facilitate the study of

the genetic defect in the various lipid storage disorders.

Proposed Course :

1. Quantification of the sphingomyelin cleaving, the |3-glucosidase,

the G-. . -0-galactosidase, an d the sulfatide sulfatase enzyme activities in

parents (heterozygotes) of patients in comparison with normals.

2. The mechanism of at least four new previously undescribed lipid-

oses is now under study.

3. Continued study of the fm strain of naice. Attempts will be made to

study the rate of synthesis of sphingomyelin and cholesterol in young
animals before the disease becomes clinically manifest. The nature of the

glycolipid accumulation will also be investigated.
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4. Determination of the defect in the primary protein structures of

the abnormal sphingomyelin cleaving enzyme in two types of Niemann-Pick

disease.

5. Determination of the defect in the primary protein structures of

the abnormal sulfatide sulfatase in sulfatide lipidosis and of the abnormal

|3-glucosidase in Gaucher's disease.

6. Further studies of these enzymatic activities in tissue culture cells

derived from amniotic fluid.

Publications:

Sloan, H. R.: The application of tissue culture techniques to the study

of the lipid storage disorders. Chemistry and Physics of Lipids , 05,

250, 1970.

Kwiterovich, P. O. , Sloan, H, R., and Fredrickson, D. S. : The
glycolipids and other lipid constituents of normal human liver.

J. Lipid Res. 11, 322, 1970.

Sloan, H. R. and Fredrickson, D. S, : G gangliosidoses: Tay-Sachs
disease. The Metabolic Basis of Inherited Disease , third edition.

Chapter 25, 1971. In press.

Fredrickson, D. S. , and Sloan, H. R. : Glucosylceramide lipidosis:

Gaucher's disease. The Metabolic Basis of Inherited Disease , third

edition. Chapter 33, 1971. In press.

Fredrickson, D. S. , and Sloan, H. R. : Sphingomyelin lipidosis:

Niemann-Pick disease. The Metabolic Basis of Inherited Disease ,

third edition. Chapter 35, 1971. In press.

Sloan, H. R. , and Fredrickson, D. S. : Rare familial diseases with
neutral lipid storage. The Metabolic Basis of Inherited Disease ,

third edition. Chapter 36, 1971. In press.
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Serial No. NHLI-286
1. Molecular Disease and Clinical

Endocrinology Branches
2. Section on Peptide Chemistry
3. Bethesda, Maryland 20014

PHS-NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Chemistry and physical properties of

Bovine Parathyroid Hormone (PTH):

(a) isolation and characterization of

bovine PTH
(b) complete amino acid sequence of

bovine PTH
(c) physiochemical properties of

bovine PTH
Chemistry and immunological prop-

erties of Thyrocalcitonin (TC):

(a) comparison of the physical

chemical properties of procine,

bovine, human and salmon TC
(b) characterization of the amino

acid residues involved in the

immunological reactivity of por-

cine TC
Chemistry and conformation of the

carboxyl terminal alanine peptide

(apoVLDL-ala) derived from the very
low density lipoprotein particle

(a) primary structural studies of

apoVLDL-ala
(b) physiochemical properties of

apoVLDL-ala

Previous Serial No.

) Principal Investigators:

Other Investigators:

NHLI-309

H. Bryan Brewer, Jr., M.D,
Richard Shulman, M.D.

Rosemary Ronan, B. A.

Katherine Wehrly, B.A.
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Cooperating Units: Paul Munson, Ph.D., Department of

Pharmacology , University of North

Carolina; Robert Schlueter, Ph.D.,
Armour Pharmaceutical Company;
Harold Edelhoch, Ph.D., National Insti-

tute of Arthritis and Metabolic Diseases,

Clinical Endocrinology Branch; Peter

Herbert, M.D. and Robert I. Levy, M. D. ,

Section on Lipoproteins, Molecular

Disease Branch, NHLI.

Project Description:

(la) Objective: Isolation and characterization of bovine parathyroid

hormone.

Methods Employed : Parathyroid hormone was isolated in homo-
geneous form from a trichloroacetic acid extract of bovine parathyroid

glands. The purification of scheme involved fractionation of the partially

purified hormone by gel filtration followed by ion exchange chromatography
on CM-sephadex.

Major Findings : The purified bovine hormone was shown to be homo-
geneous by disc gel electrophoresis, thin layer chromatography, and Edman
amino terminal analysis. The isolated hormone contains 84 amino acids

and has a biological activity of approximately 3000 USP units /mg. The
amino acid composition of the isolated hormone was determined by a com-
bination of acid hydrolysis and total enzymatic digestion and is as follows:

Lysg, His4, Arg5, Trp]^, Tyr^^, Phe2, Leug, ileuo, Met2, ^^•'8» -^I^-Tj

Pro2, Gly4, Glug, Gln^, Serg, Aspg, Asn^.

(lb) Objective : Determination of the complete covalent structure
of bovine parathyroid hormone.

Methods Employed : The complete amino acid sequence of PTH was
determined by the isolation and characterization of peptides derived from,
enzymatic and chemical cleavages at specific amino acid residues, and
sequential Edman degradations on the intact molecule and tryptic fragments.

Major Findings: The individual peptides obtained from the various
methods of cleavage were isolated in homogeneous form by gel fUtration,
ion exchange chromatography, or preparative thin layer chromatography.
The combined results provided a series of overlapping peptides for the
entire molecule, as well as the definitive position of several residues in
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the sequence. The complete amino acid sequence of bovine PTH was
determined by sequential Edman degradations utilizing the manual Edman
tech-nique and the automated Beckman sequencer. Three degradations were
performed on the intact hormone with the sequencer resulting in the defini-

tive sequence of 66 of the 84 residues. The remainder of the sequence was
determined by manual degradations on the isolated tryptic peptides. The
combined results provided a unique amino acid sequence for the hormone
which is as follows: Ala-Val-Ser-Glu-ileu-Gln-Phe-Met-His-Asn-Leu-
Gly-Lys-His-Leu-Ser-Ser-Met-Glu-Arg-Val-Glu-Trp-Leu-Arg-Lys-Lys-
Leu-Gln-Asp-Val-His-Asn-Phe-Val-Ala-Leu-Gly-Ala-Ser-ileu-Ala-Tyr-
Arg-Asp-Gly-Ser-Ser-Gln-Arg-Pro-Arg-Lys-Lys-Glu-Asp-Asn-Val-Leu-
Val-Glu-Ser-His-Gln-Lys-Ser-Leu-Gly-Gin-Ala-Asp-Lys-Ala-Asp-Val-
Asp-Val-Leu-LLeu-Lys-Ala-Lys-Pro-Gln.

(Ic) Objective : To evaluate the degree of secondary and tertiary-

structure of bovine PTH.

Methods Employed : The degree of secondary structure (ot-helix or

/? structure) of PTH in aqueous solution was determined by circular dichro-
ism (CD), optical rotatory dispersion, and infrared spectroscopy. Tertiary
interactions of the hormone were assessed by the fluorescence and near
ultraviolet circular dichroism of the aromatic amino acids. Studies were
performed on the native hormone, and the hormone in 6M guanidine and 90%
2 - chloroethanol.

Major Findings :

Secondary Structure : The major circular dichroic activity of PTH
was near 200 mu, the region of optical activity of the random form of the

peptide bond. The optical activity at 222 mu, the n->7r* transition of the
sxi helix, suggests that PTH contains 10-15% "^helical structure. In 6M
guanidine, the spectrum resembled a random coil; in 2 -chloroethanol PTH
formed a structure containing 50% helix.

Tertiary Structure : The fluorescence emission spectrum of PTH
revealed a minor band at 302 mu, and a major band at 348 mu, correspond-
ing to the single tyrosine and tryptophan residues respectively. No change
in the spectrum was observed in 6M guanidine indicating that the chromo-
phores were solvent accessible. On alkaline titration a 35% loss of

tryptophanyl fluorescence was observed, which was normalized in 6M
guanidine. These results indicate that there is a conformational association
between the tyrosine and tryptophan residues which can be normalized with
a denaturing solvent.
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The near UVCD spectrum of PTH in aqueous solution revealed minor
bands which could be assigned to the phenylalanme (s), tyrosine, and trypto-

phan residues.

In summary, it appears that bovine PTH exists predominately in an

unordered conformation in aqueous solution with 1-2 turns of helix. A
structural association can be demonstrated between the tyrosme and trypto-

phan. PTH does not possess a rigid conformation and a coil v^ helix

equilibrium may exist in aqueous solution with guanidine shifting the equili-

brium in favor of the coil and 2-chloroethanol in favor of the helix. The
latter type of transition may occur at the membrane receptor site.

(2a) Objective : Salmon TC (STC) is 10-15 fold more biologically

active than the TC hormone obtained from the human (HTC), porcine (PTC),

and bovine (BTC) species. The objective of this study was to determine the

conformation of the salmon hormone and to compare its physical properties

with those of other species, thereby gaining further insight into the struc-

ture and function of the thyrocalcitonin hormone.

Methods Employed : Analysis of the secondary and tertiary structure

of the salmon TC were similar to those employed for PTH (section 1(c) ).

Major Findings:

Secondary Structure : The optical activity at the n-^TT' transition of

the ^ helix indicates that the salmon hormone is predominately a random coil

with 1-2 turns of helix in aqueous solution. In 6M guanidine the spectrum
resembled that of a random coil, while in 2-chloroethanol STC formed a

structure containing 25-30% helix. The helical content in aqueous solution

is therefore similar to the previous results we have obtained with porcine,

bovine, and human TC. The helical content of STC in 2-chloroethanol is

similar to HTC ( 25% helix), and approximately half that of PTC and BTC
(50% helix). This result may reflect the substitution at position 23 (STC,
HTC) of a proline residue in place of serine (PTC, BTC) which would tend
to inhibit helix formation in non-aqueous solvents.

Tertiary Structure: The fluorescence spectrum of STC revealed a

peak at 302 mu, similar to free tyrosine in aqueous solution. The pK of the

tyrosine determined by fluorometric and spectrophotometric titration was
normal indication complete solvent accessibility of the hydroxyl group of

the tyrosine residue. The near UVCD of STC revealed a peak at 275 mu
which could be assigned to the single tyrosine residue indication that this

residue had restricted rotational freedom.
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These combined results indicate the STC exists predominately as a
random coil in aqueous solution and is therefore similar to BTC, PTC, and
HTC. It appears, therefore, that the increased biological activity of STC is

a function of the primary amino acid sequence of the molecule rather than a
unique conformation.

(2b) Objective : To determine the amino acid regions of the porcine
TC molecule which are responsible for the immunological reactivity of the
hormone with the porcine TC antibody.

Methods Employed : Selected amino acid regions of the porcine TC
molecule were analyzed by the utilization of synthetic peptide fragments, as
well as peptide derived from tryptic digestion of the native hormone.

Major Findings: Three peptides were isolated in homogeneous form
following tryptic digestion of native porcine TC. These fragments consisted
of residues 1 to 14, 15 to 21, and 22 to 32. In addition, the synthetic frag-
ments of residues 1 to 9, 10 to 32 were obtained from Ciba Pharmaceutical
Co. (Basle, Switzerland), There was no immunological cross reactivity of

the three tryptic peptides with the native hormone in the immxanoassay sys-
tem. The synthetic amino terminal peptide (residues 1 to 9) was also immuno-
logically unreactive; the synthetic fragment residues 10 to 32, however,
retained a high degree of immunological activity. These studies indicate

that the middle and carboxyl terminal regions of the hormone contain the

residues required for immunological activity with this particular antiserum.
Further cleavage of this region, as was obtained with tryptic digestion, de-
stroyed the reactivity. These studies are consistent with our previous studies

in which reduction and carboxymethylation of the amino terminal disulfide

resulted in no loss of immunochemical reactivity. In addition, there was
poor immunological cross reactivity of the porcine antibody with human and
salmon TC. The latter two species have an amino terminal sequence which is

similar to the porcine species, however, the middle and carboxyl terminal
region are significantly different.

In summary, it appears that the residues required for immunological
activity are located in a 21 amino acid peptide located in the middle and car-
boxyl region of the molecule. As yet, no smaller fragment has been obtained

which retains reactivity.

(3a) Objective : To obtain primary structural information on apoVLDL-
ala, thereby gaining insight into the structural basis for lipid binding and

immunochemical reactivity of the plasma lipoproteins.

Methods Employed: Peptide fragments of apoVLDL-ala were prepared

by cleavage of the intact peptide by enzymatic and chemical techniques. Se-

quential degradations of the intact molecule and peptide fragments were
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performed b^;^ the manual and automated Edman procedure.

Major Findings: A number of peptide fragments derived from tryp-

sin and cynogen bromide cleavage have been isolated and characterized. A
number of these peptides and the intact polypeptide have been further ana-

lyzed by the Edman procedure. These studies have enabled the construction

of a preliminary structural model for apoVLDL-ala.

(3b) Objective : Evaluation of the secondary and tertiary structure

of apoVLDL-ala.

Methods Employed : Similar to those employed for PTH (section Ic).

Major Findings : The optical activity at the n -^1T''' transition of the

o< helix suggests that apoVLDL-ala contains 10-15% helix. The spectrum in

6M guanidine is similar to that of randomly coiled polypeptides. In 2-

chloroethanol apoVLDL-ala assumed a structure containing approximately
80-907o helix. The fluorescence spectrum of apoVLDL-ala revealed a peak
at 348 mu, characteristic of free tryptophan in aqueous solution. A 30% loss

of tryptophanyl fluorescence was observed during alkaline titration. An
identical curve was obtained in 6M guanidine indicating a close proximity of

a tyrosine (s) and tryptophan (s) in the primary amino acid sequence. Spec-
trophotometric titration of the tyrosine revealed a pK near 10, similar to

free tyrosine in aqueous solution. These studies indicate that apoVLDL-ala
exists predominately as a random coil in aqueous solution. The helical type
of transition, however, may occur when apoVLDL-ala interacts with its

normal complement of lipid.

Significance to Biomedical Research and the Program of the Institute :

This work is directed toward a greater understanding of the structure, func-
tion, and physiological role of polypeptides in cellular metabolism,. Deter-
mination of the complete covalent structure of the parathyroid hormont; will
now enable more detailed studies on the chemistry and physiology of the
hormone, as well as the synthesis of chemical analogs which should further
increase the understanding of calcium metabolism and metabolic bone disease.
Knowledge of the primary structure and physical chemical properties of the
plasma lipoproteins is essential to an understanding of the amino acid resi-
dues responsible for the immunological reactivity and lipid binding of the
plasma lipoproteins. This is particularly germane to the elucidation of the
pathogenesis and mechanism of abnormal lipid transport in atherosclerosis.

Proposed Course :

1. It is planned during the next year to complete the covalent

6 7j^
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structure of apoVLDL-ala. In addition, a systematic investigation will be

undertaken to determine the amino acid residues responsible for the immuno-
logical reactivity and lipid binding properties of apoVLDL-ala. These studies

will involve lipid-peptide recombination experiments, which will be assessed
by spectral techniques on the native polypeptide, as well as peptide fragments
derived from enzymatic and chemical cleavages of the intact molecule.

2. The systematic study of the amino acid regions of thyrocalcitonin

and parathyroid hormones that are important for biological and immunological
activity will be continued by preparing derivatives through limited cleavage of

the molecule or by selective modification of individual amino acid residues

with chemical reagents. The studies on the conformation of the hormones
will be extended to include analysis of the effects of iodination and modification

of single amino acid residues in the secondary and tertiary structure of the

hormones. A series of studies will be undertaken to approximate the hormone

-

membrane interaction at the cellular receptor site by experiments dealing with

hormone -lipid, lipoprotein recombination. It is hoped that these studies on
intact hormones and peptide fragments will give further insight into the amino
acid residues or types of residues (hydrophobic, hydrophilic, charged, etc.

)

in polypeptides which are responsible for lipid binding.

Publications:

Brewer, H. B. , Jr. and Ronan, R. : Bovine parathyroid hormone:
Amino acid sequence. Proc. Nat. Acad. Sci. 67 (4): 1862-1869, 1970.

Brewer, H. B. , Jr. and Ronan R. : Isolation and characterization of

bovine parathyroid hormone, J. Biol. Chem . (in press).

Brewer, H. B. , Jr. : A conformational study of human thyrocalcitonin.
Endocrinology - Presented at the fifty- second meeting of the Endocrine
Society, St. Louis, Missouri, June 10-12, 1970.

Shulman, R. , Herbert, P. , and Brewer, H. B. : A conformational
study of an apolipoprotein obtained from very low density lipoprotein
(VLDL). Fed. Proc. (in press).

Brewer, H. B. , Jr., Schlueter, R. , and Aldred, P.: Isolation and
characterization of bovine thyrocalcitonin. J. Biol. Chem . 245:

4232-4240, 1970.

Brewer, H. B. , Jr. and Schlueter, R. : A. conformational study of

salmon calcitonirt. Endocrinology (in press).
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Pisano, J. P. , Bronzert, T. , and Brewer, H. B. , Jr.: Advances in

the gas chromatographic analysis of amino acid phenyl- and methyl
throhydantins. Analytical B iochemistry (in press).

Fales, H. M. , Nagai, Y. , Milne, G,W,A. , Brewer, H.B. , Jr.,

Bronzert, T.J. , and Pisano, J. P.: The use of chem.ical ionization

mass spectrometry in the analysis of the amino acid phenylthrohydan-

tins derivatives formed during the Edman degradation of proteins.

Anal^'tical Biochemistry (in press)c
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1. Molecular Disease Branch
2. Section on Metabolism
3. Bethesda, Maryland

PES - RIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Sterol Synthesis in lyfe-mmalian Arteries,

Previous Serial Wo.: Wone.

Principal Investigator: Joel Avigan, Ph.D.

Other Investigators: Carolyn D. Williams, Ph.D.
Sam J. Bhathena, Ph.D.
Marta E. Schreiner, B.S.

Project Description;

Objectives : To study factors affecting the rate of synthesis of sterols
and other cellular components in arterial tissue.

Methods ; Rabbit aortic tissue, consisting of intima and media, was pre-
pared, either in the fonn of whole strips or of a mince, and incubated asepti-
cally in medium containing Krebs -Ringer bicarbonate buffer, glucose and either
whole or solvent -extracted serum. The tissue was subsequently washed, incu-
bated with radio -labeled acetate, thymidine or alanine, and radioactivity of
sterols, fatty acids and DWA or proteins was determined.

Major Findings ; Synthesis of nonsaponifiable lipids and of fatty acids
from labeled acetate in minced or otherwise damaged arterial tissue is greatly
increased (by a factor of 20 or larger) after incubation for I6 hours or longer
with solvent -extracted serum. This finding is similar to what was previously
observed in fibroblasts and leukocytes (I97O Reports Wos. WHLI-317 and 318).
Protein and DWA synthesis was also greatly increased. Whole strips of aorta
incorporate considerably more acetate into lipids than does minced tissue,

but in the strips lipid synthesis from acetate was also increased several -fold
following incubation with solvent -extracted serum. Incorporation of labeled
glucose and of -^H^O into lipids followed a similar pattern, demonstrating
that the above results reflect genuine changes in synthetic activities and are

not due to artifacts produced by nonphysiologic precursors. In the aorta, in

which acetate incorporation was incr^sed by in vitro preincubation, a larger

part of the radioactivity of nonsaponifiable lipids was in cholesterol, com-
pared with the nonstimulated control. In contrast to previous findings with
fibroblasts and leukocytes, where lipid synthesis was strongly inhibited by
incubation with whole serum, lipid synthesis in aorta was stimulated after

overnight exposure to a serum-containing medium, although to a lesser extent

than with a solvent -extracted serum. These res-xLts indicate that the feedback

inhibition of sterol synthesis in vitro is less effective in arterial tissue
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thP.n it is in fibroblasts and le lipocytes, while activation of the biosynthetic
processes by seriJiti proteins occurs with both types of preparations.

Significance to Hea.rt Research ; The study may contribute to heart re-
search in two v/ays : ("l) By determining conditions under which sterol synthesis .

in arteries is increased and by examinir^g the role of sterol synthesized in '

situ in the process of atherogenesis, and (2) by studying the effect of experi-
mental injTory on lipid synthesis and other biosyD.thetic processes correlated
with cell growth and proliferation, the latter being an important factor in
atherogenesis

.

Proposed Course ; Tlrie nature of the observed stimulation of lipid syn-
thesis and of other synthetic reactions is to be further investigated. The
depression in the above activities following damage and the puzzling reversal
thereof in vitro should also be studied, with the aim of forming an experi-
mental model for "che biochemical response to arterial injury..

Publications: None.
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PHS - NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Regulation of Cholesterol Synthesis
in lyfemmalian Cells in vitro.

Previous Serial No. WHLI-317

Principal Investigator: Joel Avigan, Ph.D.

Other Investigators: Carolyn D. Williams^ Ph.D.

Project Description:

Objectives ; To study the effects of serum proteins and lipids on
cholesterol synthesis in mammalian cells in vitro.

Methods : The previous studies in skin fibroblast cultures were expanded
to include freshly isolated human blood leukocytes. The cells were obtained
either in a form Of a suspension or monolayers formed on glass surface. The
cells were incubated for periods of one day or longer with media containing
either whole serum or a solvent -extracted serum. The cells were subsequently
washed and the rate of biosynthesis of lipids and proteins assayed by incuba-
tion in a protein-free medium with labeled acetate or other radioactive pre-
cursors. The products were finally isolated and their radioactivity determined.

Major Findings : In a typical experiment, preincubation of leukocyte
monolayers with solvent -extracted serum caused a 9-fold increase of incorpora-
tion of labeled acetate into nonsaponifiable lipids over the amount incorpor-
ated by freshly isolated cells. There was a lesser stimiilation of incorpor-
ation of mevalonate into nonsaponifiable lipids and little or no effect on
incorporation of acetate into fatty acids or of alanine into proteins. Pre-
incubation with a similar concentration of whole serum was either inhibitory
or without effect. Thin-layer chromatography of the radioactive nonsaponifi-
able lipids isolated from the stimulated cells revealed that 65^ of the radio-
activity was in the 27-carbon sterol fraction and nearly 8O/0 in the combined
sq_ualene and sterol fractions.

Significance to Heart Research : These resirLts, as well as those pre-
viously obtained with human fibroblasts, are consistent with an inhibition
of cholesterol synthesis by exogenous sterol in the medium. Since freshly
prepared leukocytes are cells that have not been adapted to growth in culture,
the findings indicate that feedback regulation of cholesterol synthesis in
vitro is not limited to cells grown in culture, but characterizes at least
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some mammalian cells in their natiA/e state. For obvious reasons, leukocytes
may turn out to "be a convenient tissue for the study of sterol synthesis in

individual human subjects.

Proposed Coiurse ; ITie nature of the above described in vitro stimvilation

of sterol synthesis and of the suppression of synthesis by lipids in the mediimi

should be studied further. The behavior of cells derived from individuals

suffering from Type II and Type III hyperlipemias could also be studied and
compared with that of cells from normal subjects. It should be indicated that
attempts to reveal significant differences between lipid biosynthesis in skin
fibroblasts from hyperlipemic individuals and that from normal subjects (1970
Report No. NHLI-318) have hitherto been unsuccessful.

Publications

:

Avigan, J., Williams, CD,, and Blass, J.P. : Regulation of sterol synthesis
in human skin fibroblast cultures. Biochlm. Biophys. Acta, 2l8: 38l~384,

1970.
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1. Molecular Disease Branch
2. Section on Metabolism
3. Bethesda^ tferyland

PHS - NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Mechanism of Release of Histamine and other
Vasoactive Substances from Mast Cells.

Previous Serial Wo. : NHLI-319

Principal Investigators: James H. Baxter^ M.D.
Vincent Manganiello, M.D. , Ph.D.
lyfertha Vaughan, M.D.

Other Investigators : Carlos Schultz

Cooperating Units: Z. Horakov^ and M. A. Beaven, Ph.D.,
Experimental Therapeutics Branch, WHLI.

Project Description:

Objectives: To study the effects of selected drugs on the dextran-
induced release of histamine from mast cells, in vivo and in vitro, and on
the levels of cyclic AMP in mast cells, thereby to identify mechanisms con-
trolling the release of histamine.

Methods ;

(1) Rats were injected intravenously with dextran, after pretreatment
with various drugs, and the anaphylactoid reaction, in vivo histamine release,
and level of blood sugar were evaluated.

(2) Peritoneal mast cells (impiK-e) were treated with dextran, with and
without prior addition of various drugs, and the degree of histamine release
was determined.

(3) The effect of selected drtigs on cyclic AMP levels of peritoneal cells
was determined. In some experiments, the peritoneal cells were fractionated
by using Ficoll gradients.

lyfe.j or Findings :

(1) Additional studies of the effects of drugs on the dextran reaction
and histamine release in vivo, and of the relation of drug inhibition of the

reaction to hyperglycemia gave results which were essentially as described
last year ( Fed. Proc. 29, 2088, 1970). The dextran-induced release of vaso-
active substances from mast cells appeared to be mediated by dextran itself,

rather tha-n by a secondary factor generated in the plasma (indicating that

dextran binding studies might be relevant).
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(2) In vitro studies with peritoneal cells C Fed. Proc . 30, 500, 1971 )•

(a) Addition of dextran (ca 5 mg/ml) to peritoneal cells caiised release

of liistamine (usually 10-30fo of total).

(b) Within an individual experiment, histamine release increased as

dextran concentration was increased (0.02 - 7. 7 mg/ml).

(c) Histamine release usually plateaued within 5 minutes (even with low

dextran), so that rates of release could not he studied. Studies were made of

total release after 10-15 minutes, although the mechanistic significance of a

change in total release is not entirely clear.

(d) Approximately 50fo inhibition of release (i.e., of plateau level) -was

produced hy theophylline (3 x 10"^ M), dibutyryl cyclic AMP (10"^), phenoxy-

bensamine (5 x lO"?), nicotinamide (lO'S), glucose {k x 10-3), ethanol (5 x 10^.

Higher concentrations gave almost complete inhibition. lyfeximal inhibition by

isoproterenol (up to about 60^0) occurred at 10"° M. Epinephrine (l0-7 m) and

norepineplirine (10"^ M) were also partially effective. PGEj_ inhibited only

at high concentrations (10-5 m), and insulin and glucagon did not irihibit.

NaF (10-2 m) released most of the cellviar histamine without requiring dextran.

These results are similar to those previously obtained in vivo.

(e) The inhibition of histamine release from mast cells by drugs that

increase cyclic AMP in other situations, suggests that the release from mast

cells may be regulated by cyclic AMP. However, it is not certain that the in-

hibition was produced by specific action on cyclic AMP, rather than through

some other metabolic effect (see following section on mast cell cAMP).

(3) Studies on cyclic AICP levels of peritoneal cells.

(a) The rat peritoneal cells consisted of about 5^ mast cells and 95^
nacrophages and leukocytes. By mass, however, the mast cells composed about

20-25fo of the total; the mast cells contained the major portion of the total
histamine.

(b) The mixed peritoneal cells contained considerable quantities (per mg
of protein) of cyclic AMP, and the, peritoneal fluid (after the cells had been
removed) contained a total amount approximately eqi:ial to that in the cells.
Incubation of the cells with isoproterenol (3 x 10-° M) plus theophylline (l x
10"3 M) considerably increased the cyclic AMP of cells plus medium.

(c) After fractionation of the peritoneal cells, the non-mast cells
shov7ed a definite increase in cyclic AMP following treatment with theophylline
plus isoproterenol. However, the mast cells (although they apparently con-
tained significant amounts of cyclic AMP) havB thus far failed to show a
similar clear response to the drugs. This failure may have resulted from
technical problems, or from the fact that the purified mast cells had largely
lost their ability to liberate histamine in response to dexti^n.

Significance to Heart and Lung Research ;

Histamine and other vasoactive substances from mast cells are thought to
be involved in the production of allergic and inflammatory reactions.
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Proposed Course :

The in vivo study has probably been completed. The response of mast cell
cyclic iillP to drugs that inhibit histamine release will be studied further.
Additional studies of the loss of responsiveness of mast cells to dextran
caused by 'washing, aging or fractionating of the cells, of binding of dextran
to mast cells, and of possible interactions of mast cells and other types of
cells will be considered.

Publications: None.
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Serial No. WHLI- 290
1. Molecular Disease Branch
2. Section on Metabolism

3. Bathe sda, Maryland

PHS - NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Effects of Hormones on Metabolism of Adipose

Tissue studied in vitro.

Previous Serial No.

:

Principal Investigators:

Other Investigators:

Project Description:

NHLI-323

Vincent Manganiello, M.D., Ph.D.

Martha Vaughan, M.D.

Ferid Murad, M.D., Ph.D.

Sally Stanley, B.S.

Objectives ;

To study metabolism of cyclic AMP in fat, particularly as related to

hormonal control of lipolysis.

Methods

:

Lipolysis measured by enzymatic determination of glycerol; cyclic AMP by
activation of phosphorylase and by association with a specific binding protein;

adenyl cyclase by the method of Krishna, and protein kinase by phosphorylation
of histone with ATP- P .

Major Findings :

(1) We have completed and published our studies on the effects of cGMP

on glycerol production, cAMP levels and cAMP phosphodiesterase activity.

(2) Upon additions of hormones such as epinephrine or ACTH to fat cells,

cAMP levels immediately rise, reach a maximal value within ^-7»5 minutes, and
then fall despite the continued presence of the hormone. Once cAMP levels
fall, further addition of the same hormone or combinations of hormones does
not .re stimulate an increase in cAMP. From experiments with appropriate lipo-
lytic inhibitors, i.e. propranolol and insulin, and by addition of theophylline |

to fat cells at different times after the addition of hormone, it appears that *

despite falling cAt4P levels, hormone-sensitive adenyl cyclase remains activated.

Whether the fall in cAMP levels reflects a decrease in the extent of activation
of adenyl cyclase or an increase in the activity of a cAMP phosphodiesterase
is not known at present.

(3) We have completed studies begun last year which indicate that the

maximal stimulation of fat cell lipolysis by glucagon (relative to that produced
|
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by epinephrine and ACTH) declines markedly with increasing size of donor rats.

In addition, relative to epinephrine, the glucagon stijmilation of adenyl
cyclase is significantly lower in particulate preparations from ij-00-450 gram
rats than from 125-150 gram rats. Such data suggest that a selective loss of

the fat cell glucagon receptors occurs during growth of the rat. Wo similar

change in the response of heart adenyl cyclase to glucagon with age was
demonstrable.

Significance to Heart Research :

Studies on the mechanism of hormone action, especially epinephrine and

glucagon, may have importance and relevance to the mechanisms of their actions

on the cardiovascular systems.

Proposed Course :

Study of control of cAMP levels in fat cells will be continued with par-

ticular emphasis on x,he action of insulin and other compounds that are anti-

lipolytic.

Publications:

Manganiello, V., Murad, F., and Vaughan, M. : Effects of lipolytic and anti-

lipolytic agents on cyclic 3' j
5' -adenosine monophosphate in fat cells.

J. Biol» Chem., 2h6: 2195-2202, 1971.

i9r



Serial No. NHLI- 291

1. Molecular Disease Branch
2. Section on Metabolism

3. Bethesda^ I-feryland

PHS - NTH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title:

Previous Serial No.:

Foimation, Metabolism and Action of Cyclic AMP
and Cyclic GMP.

NHLI-325

Principal Investigators: Vincent Manganiello, M.D., Ph.D.

Martha Vaughan, M.D.

Ferid Murad, M.D., Ph.D.

Other Investigators:

Collaborating Units:

Robert J. Mason, M.D.

Thomas P. Stossel, M.D.
Sally Stanley, B.S.
Betty Hom, B.S.

Warren Evans, M.D.,
Laboratory of Biochemistry, NCI.

Project Description:

Objectives:
To study factors regulating control of cyclic nucleotide metabolism.

Methods and Major Findings:

(1) Cyclic GMP Metabolism: We have developed a sijuple method employing
ion exchange chromatography on DEAE and Dowex-1 resins to study the enzymatic
formation of cyclic GMP in vitro, and have also devised a protein binding
assay for cyclic GMP similar to that described by Oilman, in order to measure
tissue levels of cyclic GMP.

Fat cells hydrolyze cGMP and cAMP at comparable rates. Theophyllj.ne in-
hibits the hydrolysis of both nucleotides. Cyclic AMP inhibits the hydrolysis
of cGI^IF', and cGMP that of cAMP. The pH optima for degradation of cAMP and
cGMP are different optima. In frozen-thawed fat cell extracts, although 30-
hOPJo of the "low Km" {2-k x 10"° M) enzymatic activity which hydrolyzes cAl«lP is
found in a sedimentable fraction (100,000 x g for 15 minutes), very little
low Km activity for cGMP is found. Most of the enzymatic activity which hydro-
lyzes cGMP in fat cell extracts is soluble.

(2) Cyclic AMP Levels in vitro: Using the binding assay as developed by
Gilraari, we have examined cAMP levels in several types of cells, including mam-
malian cells grown in culture, phagocytics of several species, and rat peri-
toneal cells.
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(a) Tissue culture ; Contrary to earlier reports, we have found that

in hepatoma cells that demonstrate a steroid-induced increase in tyrosine

amino transferase, epinephrine increases cAMP levels 2-3 folds This stiimila-

tory effect requires the presence of theophylline and appears to be inhibited

by propranolol but not insulin. Glucagon and PGE do not affect cAMP levels

in these cells. Incubation of cells with dexamethasome for 2k hcoirs or 3 <iays

does not induce responsiveness to glucagon. In contrast to hepatoma cells,

mouse fibroblasts (L-cells) show only a small cAMP increase in the presence

of epinephrine, but a 10-20 fold elevation in the presence of PGE-|^. In these

cells, theophylline seems to have only a small effect.

(b) Human white blood cells : During phagocytosis of latex beads by
guinea pig peritoneal leukocytes and rabbit alveolar macrophages, cAMP levels

do not rise demonstrably, whereas hioman white blood cells, prepared by dextran

sedimentation, show a marked prompt increase in cAMP levels. Since the former
two-cell types are relatively homogeneous, human ¥BC were purified by the

method of Evans. In these preparations (85-95fo pure PMN), cAMP levels rose

only slightly during phagocytosis as compared to a mixture of all other WBC
types. Such studies suggest either that other types of cells, including
platelets, increase cAMP levels in the presence of polystyrene latex beads,

that PMN's require the presence of other cell types during phagocytosis to
demonstrate the increase in cAMP, or that cAMP levels do not increase in
leiikocytes during phagocytosis.

Significance to Heart Research :

Studies on cAMP and cGMP metabolism may elucidate the nature of cellular
regulatory processes whereby hormones exert their actions on the cardiovascular'

system.

Proposed Course :

We plan to continue the study of metabolism of cGMP and cAMP in several
tissues.

Publications:

Murad, F., Manganiello, V., and Vaughan, M. : A simple, sensitive protein
binding assay for guanosine 3S 5' -monophosphate.

Proc. Nat. Acad. Sci., 68: 736-739, 1971.

1^7
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1. Moleciilar Disease Branch
2. Section on Metabolism
3. Bethesda, Jfeiyland

Project Title;

Previous Serial No,

Principal Investigators:

Other Investiga-cors:

Collaborating Units:

PHS - NIH
Individual Project Report

July 1, 1970 through June 30, 1971

Metabolism of Lung Tissue and Phagocytic Cells:

(1) Synthesis if dipalmitoyl lecithin by limg

and alveolar macrophages,

(2) Characterization of isolated phagocytic vesicles

from guinea pig polymorphonuclear leukocytes and

rabbit alveolar macrophages,

(3) Studies of alveolar macrophage f-unctions and

effects of oxidant gases.

iraLI-32il-

Robert Mason, M.D.
Mar^tha Vaughan, M.D.

Thomas P. Stossel, M.D.

Willie Thompson

Gary Huber, M.D.,
Channing Laboratory, Boston City Hospital.

Project Description:

Objectives :

To investigate (l) synthesis of dipalmitoyl lecithin (DPL), the major
component of surfactant in lung and alveolar macrophages, (2) properties of

phagocytic vesicles isolated from guinea pig polymorphonuclear leukocytes
and rabbit alveolar macrophages, and (3) the effect of oxidant gases on

alveolar macrophage function.

Methods :

(1) Disaturated lecithins vere isolated by thin-layer chromatography
after formation of mercuric acid adducts of purified lecithins. The isolated
disaturated lecithin formed from radioa-ctive palmitate was further character-
ized by degradation with phospholipase A.

(2) Phagocytic vesicles were isolated by sucrose density centrifugation
from homogenates of cells which had ingested a mineral oil emulsion. Vesicles
were analyzed for content of protein, phospholipid phosphorus, mineral oil,

hydrolytic enzymes, and succinic dehydrogenase. Individual phospholipids were

separated by two-dimensional thin-layer chromatography. The fatty acid compo-

sition of the lecithin and phosphatidyl ethanoltunine fractions was determined
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iDy gas-liquid chromatography of the methyl esters of the fatty acids derived
from these phospholipids.

(3) Dr. Gary Huber, in the Channing Laboratory, examined alveolar macro-
phage ultrastructure and bacterial clearance in mice after exposure to lOOfo
oxygen in different treatment regimens. We are determining the protein and
phospholipid phosphoins content of saline pulmonary lavage fluids from these
animals.

Major Findings;

(1) Last year's finding of synthesis of DPL by rabbit alveolar macro-
phages in vitro was extended to in vivo studies. The palmitate incorporated
into disat\irated lecithin, isolated from alveolar macrophages, pulmonary lavage
fluid and whole lung, was nearly equally distributed in the alpha (l) and beta
(11) positions. The similarity of the distribution of the incorporated palmi-
tate implies a similarity of synthetic pathways. Wo selective effect of thy-
roxine or corticosteroids on the content or synthesis of DPL in whole lung
was demonstrable. (Last year it was found that steroid treatment caused an
increase in the protein, phospholipid and macrophage content of pulmonary
lavage fluid. ) No specific alteration in rate of synthesis of DPL, studied
with labeled palmitate, glycerol or lysolecithin, was found in alveolar macro-
phages or guinea pig PMN during phagocytosis.

(2) The phospholipid composition of phagocytic vesicles from PMN is
strikingly similar to that of the remainder of the cell, whereas the vesicles
from alveolar macrophages, when compared with the whole cells, have greater
percentage of sphingomyelin and polyglycerol phosphatide (tentatively identi-
fied as phosphatidyl glycerol) and a lesser percentage of phosphatidyl ethan-
olamine and lecithin. The lecithins were subfractionated into disaturated
and unsaturated species, and in both cell types there was an increased per-
centage of disaturated lecithin in the phagocytic vesicle. Fatty acid analyses
are incomplete.

(3) Intermittent exposure of mice to lOO/o oxygen induced tolerance to

the ultrastructural damage and impairment of bacterial inactivation usually
produced by prolonged exposure. Analyses of the saline pulmonary lavage fluid
are in progress.

Significance to Heart and Lung Research ;

(1) DPL is the primary physiologic constituent of pulmonary surfactant,

which is important for maintainence of the ventilatory function of the lung.

Studies of the metabolism of DPL by alveolar macrophages and lung slices may

have direct clinical application.
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(2) Since alveolar macrophages are in the first line of defense against
inh.<iled toxic materials, their phagocytic function is highly important to the

lung. Characterization of their phagocytic vesicles may aid in understanding
the phagocytic process.

(3) Since oxidant exposure is a constant factor for alveolar macrophages
and lOOfo oxygen is necessary for certain desperate clinical situations, under-
standing and modifying the toxicity of lOOfo oxygen may be of immense benefit
in caring for patients.

Proposed Course :

These projects will be completed by July 1971^ at vhich time one of the
principal investigators (RM) is leaving NIH.

Publications:

Huber, G., Mason, R., Gardner, D., and Coffin, D.: Alterations in the Lung

following the administration of ozone. Archives of Internal Medicine,

in press, I9TI.
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1. Molecijlar Disease Branch
2. Section on Metabolism
3. Bethesda^ Maryland

NIH - PHS
Individual Project Report

Jvly 1, 1970 through June 30, 197I

Project Title:

Previous Serial Wo.

:

Metabolism of Phagocytic Cells.

WHLI-326

Principal Investigators: Thomas P. Stossel, M.D.
Martha Vaughan, M.D.

Other Investigators

:

Collaborating Units

:

Project Description:

Robert J. Mason, M.D.

Thonss D. Pollard; M.D. , Section on Ultrastructure^
Laboratory of Biochemistry, NHLI

Richard K. Root, M.D., Laboratory of Clinical
Investigation, WIAID.

Objectives :

(1) To establish methods for analyzing phagocytosis from a biochemical
standpoint, and (2) To -use these methods to compare phagocytosis by poly-
morphonuclear leukocytes (PMN) and alveolar macrophages (AM), and to investi-
gate phagocytosis by peripheral blood leukocytes of patients with putative
defects in phagocytic function.

Methods :

Emulsified paraffin oil i<ra,s used as the substrate for phagocytosis.
The buoyant density of these particles facilitated the isolation of pure
phagocytic vesicles (PV) by density gradient centrifugation of homogenates.
Paraffin oil containing Oil Red was used to measure the rate of phagocjrtosis,
PMN were obtained from guinea pig peritoneal exudates induced with sodium
caseinate. Human leukocytes were collected from peripheral blood sedimented
with dextran. Alveolar macrophages were lavaged from the lungs of normal
rabbits and of irabbits which had been previously injected with Freund's adju-
vant ("stimulated" macrophages). Enzyme assays, unless otherwise specified,
were performed by standard methods, as were determinations of chemical com-
ponents of subcellular fractions and of homogenates.

IVfe.j or Findings :

(1) Characterization of PV of guinea pig PMN; The phospholipid-protein
weight ratio of these structures was 0.i<-7, and the cholesterol-phospholipid
molar ratio was O.69. They did not contain DNA, RNA or glycogen. Electron
microscopy revealed trilaminar membrane -bounded vesicles enclosing some

80
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electron-dense material. I-^-^-^-albimin was retained by the FV during collec-
tion. The PV fractions contained acid hydrolases, myeloperoxidase and
cyanide -resistant MDH oxidase, and these actiTd-ties were apparently derived
from the gran\£Les of the cell as evidenced by a shift of activity from that
fraction to the PV. The enzymes in PV exhibited latency to Triton X-100.

No changes in enzyme activities of the supernatant fluid fractions were noted.

Catalase was entirely in the soluble fractions of homogenates derived from
these cells.

(2) Characterization of the PV of human PMN ; These PV were essentially
the same as PV derived from guinea pig PMN except that one third the amount
of PV were obta3.ned per
of incubation.

of incubated cell protein after comparable lengths

(3) Characterization of PV of rabbit MA : Homogenates and R'' of AM did
not have alkaline phosphatase or peroxidase activities. Half of the homogen-
ate catalase activity was sedimentable and demonstrated a latency pattern to

digitoxin identical to that described for liver particles called peroxisomes.

AM also had D-amino acid oxidase activity which is associated with peroxi-
somes, but did not have urate oxidase activity. FV acquired catalase activity
with phagocytosis, and greater amounts of this enzyme were found in the super-
natant fraction after phagocytosis. Acid hydrolases were shifted from the
graniiLes to the PV without alteration in supernatant fraction activities as

found in the PMN. "Stimulated" AM had greater activities of acid hydrolases
than AM from normal rabbits, and incorporated considerably more enzyme
activity into PV.

(^4-) Kinetics of DegranLilation ; Rates of enzyme translocation from
granules to isolated PV were determined for guinea pig PMN. Enzymes were
tiransferred only while phagocytosis vra.s occurring. During this time, peroxi-
dase, p -glucuronidase, and KADH oxidase had a similar rate of transfer which
was distinct from acid phosphatase and alkaline phosphatase. Rabbit AM also
degranulated only dtur-ing the phase of active particle uptake.

(5) lodination of Protein by guinea pig PMN ; PMN incorporate iodide
into protein during phagocytosis, presumably by generating hydrogen peroxide
in the presence of peroxidase. This phenomenon is presumed to be a bacteri-
cidal mechanism. Fractionation of guinea pig PMN incubated with I-^-^S revealed
that the iodination occurs solely within the PV which provides strong support
for the hypothesis that iodination is an antimicrobial concomitant of phago-
cytosis.

(6) Degranulation of Leukocytes from Patients with Chronic Granulomatous
Disease (CGP) and the Chediak-Higashi Syndrome (CHS)l Controversy exists
whether CGD leukocytes degranulate normally. Three patients with CGD were
studied and had normal enzyme specific activities (to protein and Oil Red O)

in PV (hence normal degranulation^ Two patients with CHS, howe\^r, had low
specific activities of g -glucuronidase and peroxidase in PV.

eox.
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(7) Studies of Oxidases in FMK ; Two fluorimetric assays were developed
for measuring cyanide -resistant pyridine nucleotide oxidase activities (dis-
appearance of MDH and generation of KAD). These enzymes have been implicated
in hydrogen peroxide generation by PMN during phagocytosis. Homogenates and
subcellular fractions were considerably more active with respect to NADH than
KADPH. No MDPH oxidase activity was detectable in human or guinea pig PM PV.
Attempts to assay H2O2 generation in the presence of NADH or NADPH were unsuc-
cessful. Unusual substrate activity behavior was found for NADH oxidase, and
the enzyme was unstable. No enzyme activation was detected in homogenates or
subcellular fractions prepared from phagocytosing cells. A "low Kin" (0,6 mM)
NADH oxidase form was associated with isolated human and guinea pig PV as op-
posed to other fractions and whole homogenates which had two apparent Km forms
of the enzyme. NADH oxidase activity was not different from normal (total or
specific activities) in subcellular fractions of CGD leukocytes (which clearly
failed to produce H2O2 d-uring phagocytosis).

(8) Rate of Phagocytosis ; Paraffin oil containing Oil Red emulsified
with fraction V from bovine serum and a standard suspension of guinea pig PMN
was used to establish the time course, optimal medium, the relationship between
phagocytic rate and the metabolic concomitants of phagocytosis, and the effects
of drugs, hormones and inhibitors on phagocytosis. The rate assay was satis-
factory principally because uningested particles could be easily washed from
cells and did not adhere to them. The phagocytic rate was strongly dependent
on Mg"^ concentration in the medium, and the metabolic alterations were a func-
tion of initial phagocytic rate. The sensitivity and reliability of the assay
allowed demonstration of inhibitory actions by N-ethyl maleimide, colchicine,
hydrocortisone, theophylline, and dibutyryl cyclic AMP. These agents had pre-
viously been thought to caijse metabolic alterations without affecting the rate

of phagocytosis when added to cells in dosages employed in this study. Insulin
had a slight stimulatory effect on the rate of phagocytosis. The question of
recognition, i.e., the chemical nature of the particle surface which signals
the cell to ingest it, was approached by using different substances to prepare
paraffin oil emulsions. Preliminary results si;iggest a complex interaction
between the surface of the particle and divalent cations in the medium which
produce a favorable net surface charge.

(9) An in vitro Model for "Bacterial" Phagocytosis ; I&raffin oil emiilsi-

fied with E. coll lipopolysaccharide endotoxin requires opsonization by serimi

for phagocytosis by guinea pig PMN. Modification of the serum by heat, zymosan
treatment, and omission of "natural" antibody, alter the rate of phagocytosis

in the same manner that has been described for phagocytosis of E. coll organ-

isms. This approach may establish a model for precise quantitation of immimo-
loglcal events related to phagocytosis.

Significance to Heart and Lung Research;
Phagocytosis is a fundamental cellular function relevant to host defense

and the pathogenesis of inflammatory and degenerative processes occurring in

all parts of the organism.
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Proposed Course ;

These projects will ail terminate by June 30< 1971.

Publications

:

Stossel, T.P.,. Murad, F. , lyfeson^ R.J., and Vaughan, M. : Regulation of
Glycogen Metabolism in Polymorphonuclear Leukocytes.
J. Biol. Chem.. 2^5 (22): 6228-623U, I9TO.

Stossel^ T.P., Pollard^ T.D., I^son^ R.J., and Vaughan, M. : Isolation and
Properties of Phagoc;y'tic Vesicles from Polymorphonuclear Leukocytes.
J. Clin. Invest . , in press, 1971.
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1. Molecular Disease Branch
2. Section on Metabolism
3. Bethesda, Nfe-ryland

PHS - WIH
Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: Studies on the Lipolytic Enzymes of Adipose Tissue,

Previous Serial No, : WHLI-327

Principal Investigators: Su-Chen Tsai, Ph.D.
N&.rtha Vaughan, M.D.

Other Investigators: Ferol Lieherman, M.S.

Project Description:

Objectives ;

(1) To develop methods for the purification of the lipolytic enzymes of
rat adipose tissue, with special attention to the hormone -sensitive lipase,
and (2) To investigate the mechanisms of acti-vation and inactivation of the
hormone -sensitive lipase, specifically the role of protein kinases.

Methods :

Fractionation of adipose tissue homogenates by standard methods in an
attempt to separate the hormone -sensitive lipase from other lipases and ester-
ases, and to separate the enzymes that activate and inactivate it. Assay of
lipase activity using 3H-oleic acid labeled triolein as substrate j assay of
esterase activity using 3H-glycerol labeled monoolein.

Ifejor Findings :

(1) Inactivation of Lipase : Lipase in the 100,000 g supernatant fluid
from water or 0.25 M sucrose homogenates was inactivated by incubation with
2-k mM ATP-MgClg. IVfe-ximum inactivation (usually 70~75fo) was reached after
2O-3O minutes of incubation. Inactivation was completely prevented by 0.25
mM EDTA. The effect of EDTA was not reversed by addition of Mg++, Ca++, Zn^,
Co"*^, Fe "'"', Fe"'^+ or Ba++ ions. Phosphocreatine, but not GTP, ADP, AMP or
Na -pyrophosphate, could be substituted for ATP. Ca"*~^, Mn"*"*", Fe''^" or Ba++
could not be substituted for Mg"*^ ion. The lipase remained inactivated after
passage through Sephadex G-25 or precipitation.

We had previously found that most of the lipase activity of the 100,000 g
supernatant coiild be precipitated at pH 5*2 or by ammonium sulfate (l5-40^
saturation). Incubation of these fractions with ATP-Mg"^"*" did not lead to in-
activation unless a small amount of whole supernatant fluid or supernatant
from pH 5 precipitation was added. When whole supernatant fluid was eluted
through Sephadex G-25, the protein peak contained lipase activity which was
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not activated by ATP-lVlg. Addition of material from fractions eluted immedi-
ately after the protein peak restored ATF-Vig inactivation. It vas effective
also with the ammonitim siolfate precipitated lipase. Active fracticms lyophil-
ized after addition of a small amount of altumin were stable as long as stored
dry at -80". Activity vas lost with repeated freezing and thawing;, with heat-

ing at 65° for h minutes, or with dialysis. Using this fraction and the am-
monivim siilfate precipitated lipase, we have investigated the effects of vary-
ing concentrations of the components of the system on the rate and extent of

lipase inactivation.

(2) Activation of Lipase ; We reported last year that lipase in the

ammonium sijlfate fraction could be activated (usually 2'^-kofo) by incubation
with ATP, MgClp and cyclic At/LP. It seemed probable that a cyclic AMP stimu-
lated protein kinase was involved in this process, but we were unable to
demonstrate enhanced activation with addition of partially purified protein
kinase from adipose tissue. We have now found that when the lipase (ammonium
sulfate fraction) is sufficiently diluted, activation by ATP, Mg"*^ and cAMP
is dependent on the addition of protein kinase (partially purified from
skeletal muscle).

After inactivation with ATP and Mg"*"*" as described above, partial reactiv-
ation of the lipase can be achieved by incubation with the protein kinase plus
ATP, 1% and cyclic AMP.

Significance to Heart Research ;

Availability of plasma FFA, an important energy substrate for the heart,
is regulated via the hormone -sensitive lipase activity of adipose tissue.
Purification of this enzyme is essential before the mechanisms through which
its activity is regulated can be elucidated.

Proposed Course ;

We plan to continue investigation of the activation and inactivation of
the lipolytic enz:vrmes, especially the hormone-sensitive lipase, by protein
kinase

,

Publications

;

Tsai, S-C, Belfrage, P. and Vaughan, M. ; Activation of hormone -sensitive
lipase in extracts of adipose tissue. J. Lipid Research, 11: U66-U72,
1970.
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Individual Project Report

July 1, 1970 through June 30, 1971

Project Title: The Mechanism of Hemoglobin Biosynthesis in
Rabbit Reticulocyte Cell-Free Systems

Previous Serial No.: NHI-315

Principal Investigators: W. French Anderson, M.D.
David A. Shafritz, M.D.
Philip M. Prichard, Ph.D.
Ronald G. Crystal, M,D.
David G. Laycock, Ph.D.
Alita Rosenfeld, Ph.D.

Other Investigators: Dante Picciano, M.S.

Cooperating Units: None

Project Description:

Obj ectives : The mechanism and regulation of mammalian protein
synthesis is being irvestigated by utilizing hemoglobin biosynthe-
sis as a model system. The approach has been to develop an active
cell-free protein synthesizing system from rabbit reticulocytes.
By fractionating this cell-free system, it has been possible to
identify several of the cellular components involved in the pro-
cess of initiation of hemoglobin synthesis.

Methods : Reticulocytes from phenylhydrazine-treated rabbits are
lysed and the known components of the protein synthesizing machin-
ery are isolated and purified. Protein factors and tRNA species
which are required for hemoglobin biosynthesis are examined boch
in terms of their direct role in protein synthesis, and in terms
of their characteristics in isolated enzymatic reactions.

Major Findings ; 1) Three protein initiation factors, M.^, M2 and
M3 , have been partially purified and characterized, M]_ is a

binding factor; M2 is a factor which specifically recognizes the
mammalian initiator tRNA; and M^ is a factor which is specific for

1 eo7



NHLI-295

natural mRNA templates,

2) The initiator tRNA. for hemoglobin biosynthesis

has hean identified as Met-tRNAp . Not only is Met-tRNAp speci-

fically bound to reticulocyte ribosomes by the initiation factors

Mn , and Mj , but also Met-tRNAp, under the direction of the initi-

ation factors, donates the first amino acid of the nascent hemo-

globin chain.

3) Examination of the energy requirements of the

process of initiation indicates that at least one GTP hydrolysis
event occurs during initiation after the binding of the initiator

tRNA to che 403 subunit. This conclusion follows from the obser-
vation that GDPCP will substitute for GTP in Met-tRNAp binding
but not in Metp-puromycin formation; furthermore, fusidic acid,

an antibiotic that blocks GTP hydrolysis, has no effect on the
former reaction, but totally inhibits the latter.

4) My has been separated into two components on

the basis of size, M2a ^nd M2B/ both of which are required for

Met-tRNAp binding and Matp-puromycin formation. M2a has 40S
dependent i^^P-GT'P hydrolysis activity.

Significance to Biomedical R-^search and Institute Program ; An
understanding of the mechanism and regulation of mammalian protein
synthesis is important to the understanding of overall normal
cell function.

Proposed Course of Project ; Purification of the mammalian initi-
ation factors followed by studies to determine their mechanism of
action; use of the initiation factors and the initiator tRNA in
order to obtain a better understanding of the initiation process
in mammalian cells; sequencing of the initiation region of hemo-
globin mRNA.

Honors and Awards: None

Publications:

1. Shafritz, D.A, and Anderson, W.F.: Factor dependent
binding of methionyl-tRNA ' s to reticulocyte ribosom.es.
Nature 227: 918-920, 1970.

2. Shafritz, D.A. and Anderson, W.F.: Isolation and partial
characterization of reticulocyte factors, M]_ , and yip.

J. Biol. Chem. 245, 5553-5559, 1970.
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Shafritz, D.A., Laycock, D.G., and Anderson, W.F-: Puro-
raycin-peptide bond formation with reticulocyte initiation
factors Ml and M2 . Zrqc. Nat. Acad. Sci . 68 , 496-499,
1971,

Anderson, W.F. and Shafritz, D.A.: Met-tRNAp: The initi-
ator tRNA for hemoglobin biosynthesis. Cancer Research ,

In press.

Gilbert, J.M. and Anderson, W.F.: tRNA-dependent cell-
free hemoglobin synthesis. Methods in Enzymology . Vol. XII,
Part D, Eds. L. Grossman and K. Moldave, Academic Press,
Inc., New York, In press.
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Project Title: Evolutionary Homology of Components of the
Protein-Synthesizing Machinery

Previous Serial No.: NHI 316

Principal Investigators: W. French Anderson, M.D.
David A. Shafritz, M.D.
Dante J. Picciano, M.S.

Other Investigators: None

Cooperating Units: None

Project Description:

Objectives : The extent of evolutionary homology of the components
of the cell's protein-synbhesizing machinery in organisms through-
out the phylogenetic tree is being examined.

Method s: Cell components are isolated from organisms ranging
from E.coli to human. Interchangeability of components between
species is tested in cell-free assays.

Major Findings : 1) E.coli initiation factor F appears to be
partially interchangeable with mammalian initiation factor M^^

.

2) Initiation factors from rabbit liver are
being compared with the reticulocyte initiation factors M-, , M2,
and M^ . The liver 0.5 M KCl ribosomal wash fraction appears to
contain enzyme activities similar to the reticulocyte M-, and M-,.

Significance to Biomedical Research and Institute Program : Th

e

fact that at least parts of the cell's genetic apparatus appear
to have remained essentially unchanged during the evolutionary
development from bacteria to man implies that many conclusions
concerning mechanism of cell function drawn from bacteria might
be applicable to human tissues. By demonstrating the inter-
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changeability of a component it is possible that genetic apparatus
from lower organisms might someday be used therapeutically in man.

Proposed Course of Project: Initiation factors from h^oman tissues
as well as from organisms between bacteria and mammals are being
examined. The interchangeability of the initiator tRNA Met-tRNA
is being tested between species.

Honors and Awards: None

Publications: None
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Project Title;

PHS-NHLI
Individual Project Report

July 1, 1970 through June 30, 1971

Regulation of Hemoglobin Chain Synthesis in

Beta Thalassemia

Previous Serial No.: NHI-317 (c)

Principal Investigators: W. French Anderson, M,D.
Arthur W. Nienhuis, M.D.
Abigail Thornton, M.S.

Other Investigators: David G. Laycock, Ph.D.

Cooperating Units: Robert I, Levy, M.D., NHLI: MDB , Section on
Lipoprotein

Project Description:

Objectives : Beta thalassemia, also known as Cooley's anemia, is

an hereditary disease characterized by severe anemia and trans-
mitted as a typical Mendelian recessive. Anemia is a consequence
of a low level of p chains of hemoglobin produced by the patient's
red blood cells. No amino acid change has been found in the
hemoglobin |3-chains of thalassemic patients. It is generally
assumed, therefore, that the molecular abnormality resides in the
regulation of ^- -chain synthesis. Our laboratory is attempting
to determine the normal mechanisms for regulation of hemoglobin
chain synthesis and to determine the nature of the defect in
^-thalassemic cells which allows normal Q-chain, but limited or
absent ii^-chain, production.

Methods : Blood is obtained both from patients with beta-thalassemia
and from patients displaying a high reticulocyte count secondary
to another cause (for example, autoimmune hemolytic anemia, sickle
cell anem.ia, etc.) Cellular components involved in hemoglobin
synthesis are isolated and utilized in a cell-free hemoglobin
synthesizing system. By substituting each component in turn from
the thalassemic cells into the non-thalassemic cell-free system,
it should be possible to test each component of the thalassemic
system to determine if it is normal or abnormal.

1 Bi-x
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Major Findings ; 1) A highly active cell-free globin synthesizing
system has been developed using components derive^ from hioman

and/or rabbit reticulocytes. When using components from non-
thalasseraic human reticulocytes an a-P globin chain ratio of 1 is

obtained; when using components from thalassemic reticulocytes
the '-i/'vi ratio is 8, similar to the abnormality in intact thalas-
semic cells.

2) By examining each component separately in a

fractionated cell-free system, it can be demonstrated that the
ribosomes, initiation factors, supernatant proteins, and tRNA in
thalassemic cells are normal.

3) When the messenger RNA component of thalassemic
cells is tested in the non-thalassemic system, the abnormal a/p
chain ratio can be reproduced. Thus, the molecular defect in
P-thalassemia appears to reside in the |3-chain raRNA itself, either
as a reduction in the absolute amount of mRNA or as an alteration
in its nucleotide sequence.

Significance to Biomedical Research and Institute Program :

^-thalassemia is a severe hereditary disease which affects a

sizeable number of individuals in the Mediterranean and Asiatic
countries. A method for treating this disease, which will reduce
or eliminate the frequent blood transfusions required, is needed.
In addition, the techniques utilized to learn how the rate of
hemoglobin synthesis is regulated can then be applied to studying
other diseases where the defect is also in the faulty regulation
of a gene product

.

Propo s ed Course of Project ; Studies are being conducted to deter-
mine if the defect in the messenger RNA of |3-thalassemic cells is
due to an absolute decrease in the amount of p-chain mRNA or if
the defect is in the sequence of the mRNA. If the former situation
is found, then regulatory processes involved in the transcript! on
of globin mRNA from bone marrow DWA will be examined.

Honors and Awards: None

Pulolications;

1- Gilbert, J.M., Thornton, A.G., Nienhuis, A.W. and Anderson,
W.F.: Cell-free hemoglobin synthesis in beta-thalassemia

.

Proc. Natl. Acad. Sci. 67, 1854-1851, 1970.
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2, Nienhuis, A.W., Laycock, D.G., and Anderson, W,F.: Trans-

lation of rabbit hemoglobin mRNA by thalassemic and non-
thalassemic ribosomes. Nature , 1971, In press.
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